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known resistance. 
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26.7. The relative error is б=т , № 
error in the value of the сайы: 
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‘ating resistance, h is the err 
the position of the slide wire. We have 
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Hence the error is at its minimum when the expression у = 1 (L 
is at its maximum. But 
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26.9. The resistance of the Conductor is 


n yi 
: D 
change the variables, noting that у = a for z = 0 and y — 
m pe L Differentiating, we obtain 
dy ё 20 Я so dg— Їду 
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Substituting into the expression for the resistance, we obtain 


D 
R= 4pl \4= 4р1 [ AJ. 4pl 
a(D—a) ye яа) у L = пар 


a 


26.10. (а) When the cells are connected in series, their e.m.f. and 
interna] resistances are added. 

(b) When the cells are connected in parallel, the e.m.f. remains 
unchanged, but the internal conductances are added. 
‚_ (c) In a mixed connection we calculate first the e.m.f. and the 
paternal resistance of a group, and then the same parameters for the 
battery as a whole. 
26.11. The accumulators should best be connected in series їп two 
Poles of 100 cells each, both groups being connected in parallel and 
the entire battery connected through 
a rheostat to the terminals of a dy- 
nama (Fig. 26.11). The e.m.f. of the 
attery is Є = ne/2 = 100 X 1.4 = 
—140 V, the internal resistance is 
В = nr/4 = 0.5 ohm. The current 
in the circuit is J = 2i = 60 A. 
Ohm's law can be written in the fol- 
lowing form: Аф — 6 = I (R + Ri), 
from which 


_Аф—ё —R 
R= T i 


Fig. 26.11. 


tot = 2/08 + r) is at its maximum in conditions 
of short-circuit (R = 0). The short-circuit power 18 Pino; r: 
The power in the external circuit is at its maximum when R = r. 


To check this consider the extremum of the expression 
62 Rr 62 


Ра тн TY 


26.13. The power Р 


We have 


Obviously, y = 4 for R = ris minimum value. In this case the power 
in the external circuit is maximum. The corresponding graphs are 
shown in Fig. 26.13. | И | 

26.14. Connect all the tubes in series (Fig. 26.14) together with a se- 
ries resistor R = (U — n Ag)/i = 573 ohm. The power dissipated 
is P — iU — 66 W. The ratio of the power dissipated in the tubes 
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PREFACE 


The two volumes of the "Fundamentals of Physics"*, 
published in two editions, have been translated into Polish 
and English and have gained popularity among senior form 
students of secondary schools where physics is studied at an 
advanced level, among college freshmen and among instruc- 
tors and teachers of physics. At the same time, reviews and 
numerous letters from readers have stressed the need for a 
system of problems adapted to the theoretical material 
contained in the book which would enable the reader to 
consolidate and to check his knowledge of the material stud- 
ied, and to develop skills in the creative application of the 
theory to specific physical problems. 

This book offers the reader over 750 problems concerning 
the same subject matter as is treated in the two volumes of 
the "Fundamentals of Physics". The order of presentation of 
the theoretical material is also the same. 

The availability of a great number of problem books based 
on the traditional school physics curriculum prompted us 
to enlarge those sections which are absent from traditional 
problem books, namely the dynamics of a rotating rigid body, 
the elements of the theory of relativity and of quantum and 
statistical physics, of solid-state physics, wave optics, atom- 
ic and nuclear physics, etc. Problems dealing with astrophys- 
ics illustrate the application of the laws of physics to ce- 
lestial bodies. 

The book contains a few problems requiring elementary 
skill in differentiating and integrating, as well as some prob- 
lems to be solved with the aid of numerical methods, which 
nowadays are being increasingly used. 


* B. M. Yavorsky and A. A. Pinsky. Fundamentals of Physics, 
v. I and II, Mir Publishers, Moscow, 1975. 
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As well as the practice exercises there are some rather 
sophisticated problems requiring a deep knowledge of the 
theory. 

Most of the problems are provided with sufficiently de- 
tailed solutions. 

Whether a problem book should be provided with detailed 
solutions, or only the answers should be supplied, is a con- 
troversial question. True, the temptation to look into 4 
ready-made solution is quite strong. However we hope 
that the reader wants to learn to solve the problems himself, 
and so he will turn to read the solutions only in extreme 
circumstances. On the other hand, having in mind that the 
majority of readers will work with the book on their own, Wwe 
feel obliged to offer them help when they are unable to cope 
with a problem. Note that the solutions provided are not 
always the only ones possible. We shall be grateful to апу 
reader who suggests more elegant or original solutions. 

Reference data required for the solution of the problems 
is presented in the appendices. They augment the data con- 
tained in the corresponding chapters of the series "Funda- 
mentals of Physics". 

The collection of problems may serve as an aid for students 
preparing for examinations in physics. It may be used in 
physico-mathematical schools or for extra-curricular work 
in physics. The problems will be useful to students studying 
to become physics teachers, to students at technical col- 
leges, and to physics teachers in schools, technical schools 
and secondary vocational schools. 

The author expresses his sincere gratitude to Prof. 
N. N. Maloy and Prof. B. M. Yavorsky and also to Yu. 
A. Selesnev, Ya. F. Lerner апа M. M. Samokhvalov. Their 
valuable remarks enabled the author to make corrections (0 
the manuscript. 


A. A. Pinsky 
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SOME PRACTICAL HINTS 


mentioned; in some cases it 


of the problem (a solenoid witha ferromagnetic соге, a modu 
lated wave, etc.). 


Don’t let it trouble you if some of the quantiti 
specified in the statement of the problem—they will either 
cancel out, or their values may Ье found in the appendice? 
to this book, or in the “Fundamentals of Physics”. Do not 
ared by mathematica operations—the ability to ре 
bs cie freely is an element of the mathematical know 
form tl dispensible to the student of physics. 
edge л t it is not always convenient to solve the problem 
Pp om form. Sometimes the price of generality is an 
in a gene 
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excessive volume of calculations. In such cases the problem 
should be solved directly with numbers substituted for the 
relevant physical quantities. 

5. Having obtained the solution in a general form try to 
make sure it is a sensible one. To do this, sometimes dimen- 
sional analysis may be helpful, sometimes—the analysis 
of particular or limiting cases, or.a comparison with a sim- 
ilar problem already solved is needed. For example, hav- 
ing solved a problem in dynamics which takes account of 
the forces of friction you may compare the result with that 
of a similar problem without friction, a relativistic calcu- 
lation can be compared with a similar calculation in New- 
tonian mechanics. etc. 

6. If the problem contains numerical values the final 
answer should be numerical as well. Do not underestimate 
caleulations. In practice we are always interested in the 
numerical values of the quantities sought and only rarely 
in their expression in terms of other quantities. 

АП data, including those derived from the tables, should 
be expressed in the same system of units (as a rule, in the 
SI system) with the numerical data written in thestandard 
form, i.e. in the form of a X 10" where 1 < а< 10. АП 
values should be specified to the same accuracy. 

7. All calculations (including those in the majority of 
problems involving the use of numerical methods) should 
be performed with the aid of a slide rule, the use of which 
guarantees reasonable accuracy. In the cases when the ini- 
tial data are specified to two significant digits, the results 
of the calculations should be rounded оїї to the same number 
of digits. 

Only a few problems on the theory of relativity, wave 
optics, atomic spectra, etc. involve calculations requiring 
an accuracy of four or five digits. For these mathematical 
tables should be used. 

8. Having obtained an answer compare it with the one 
given at the end of the problem book. Do not be disappoint- 
ed if your answer does not coincide with the author's. Both 
answers might be two different forms of the same expression. 
For instance, the expressions 

sin a— cos x sin (x —q) 
sin q+ p cos a, зіп (®-{-ф) 
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18 
а Second crack at the problem 
1 
| ever, repeated Study of the theory still may not Дет 
їп D despair. раво, lis should not be a cause for LO 
n ir. This prop em boo contains many creative 
difficult Problems, and i о be Wondera at that Y" 
wee” With them all single-handed. 2А 
waa ee ту to ake a detai alysis of the solutio. 
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1. The deflection of the System is caused by the momentum 
ihe light transmits to the mirror upon reflection. Accelerat- 


2. To solve the problem, introduce several simplifying 
assumptions. To begin with we shall neglect the mass and 


N 


(a) (b) 
Fig. 1. 


the elasticity of the filament, the friction at the suspension 
and air resistance. Then we shall assume the mirror to be 
a perfect reflector (neglecting the absorption of light). Fi- 
nally, because the mirror's velocity is small we shall рег 
form all the calculations approximately, using Newtonian 
mechanics, А 
. 9. It will be helpful to draw a schematic diagram depict- 
ing the dynamics of the process (Fig. 1). Here diagram (а) 
Shows the state of the system before the light falls on tie 
mirror, (b) at the moment the light is reflected and (c) oW 
deflection of the mirror together with the filament ve E 
todo sought. The stages of the solution are also clear fr 
the diagrams. А um 

4. Denote the energy of the laser flash by €, Laer, m m, 
р = Ele, the velocity of light by c, the mirror's 
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its velocity at th 


i е moment of recoil by v, the height it rises 
by h, the length of the filament by Z and the angle of deflec- 
tion by а. 


It may be seen from the diagram that 


Ь=1—1соза = 1(1— cosa) = 21512-9. 


It follows that in order to find the angle of deflection one 
must find the height to Which the mirror rises. To do this 
use the law of conservation of energy: 

1 v? 
—— my? — — ый 
2 "w'—mgh, whence h = p 


EIU. . 

2yg 
To find the velocity of the mirror make use of the conser- 
vation laws at the instant the light is reflected (diagram (b): 


: a 
and sin—— 


: 1 
law of Conservation of energy: é=6' +—- mv? 
| i А . 8 8 
aw of conservation of momentum: — = —-2 4 my 


Multiplying the second equality by cand adding it to 
the first, we shall eliminate the unknown quantity é’. We 
obtain: 2€ — 4/9 т? + түс. Taking account of the fact 
that 1/9 my2 < тшс, discard the first term. We obtain ap- 


proximately mvc = 2€, whence v = 2€/mc; consequently 


. 0 6 
sin T =a 
2 me Үр 
5. Dimensional analysis convinces us of the plausibility 
of the answer: 


w R 1.8 1.82 
sin е E a js — 
[ 2 keen y mos gari 


le. the sine turns Out to be dimensionless 
expected. 
6. In the calculati 


tons Write out all t ig- 
nificant digits expressing them in SI m аг 


m=9.0mg=9.0 x 10-8 kp 


8 —9.8 m/s 
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€ —1.0 x 102J 
c — 3.0 x 108 m/s 
1—4.0cm —4.0 х 107?m 


Substitute the numerical values into the final formula: 


int é 1.0 102 _ 
meV gl 9.0% 10-955: 3.0 x 108 y 9.8 x 4.0 x 107? 
=5.9 x 107? 


a 
> = 3°24’, a= 6°48" 


Notation 


velocity of light 
diameter 

force 

height 

current 

length 

mass 

refrective index 
momentum, pressure 
power, 

radius 
temperature 
velocity 

volume 

Work 


logarithm to base e 
logarithm to base 10 
energy 

angular velocity 
density 

magnetic permeability 
potential difference 
electric susceptibility 
magnetic susceptibility 
viscosity 

wavelength 


PROBLEMS 


Part One 


MOTION AND FORCES 


1. Kinematics of a Particle 


1.1. Two particles move along the z-axis uniformly with 
Speeds v, — 8 m/s and v — 4 m/s. At the initial moment the 
first point was 21 m to the left of the origin and the second 
7 m to the right of the origin. When will the first point catch 
up with the second? Where will this take place? Plot the 
graph of the motion. 

1.2. The initial distance between two particles is 300 m. 
The particles head towards each other at speeds of 1.5 m/s 
and 3.5 m/s, respectively. When will they meet? Where 
will the meeting take place? Plot the graph. 

1.3. A car left a city travelling uniformly at a speed of 
80 km/h. It was followed 1.5 hours later by a motorcycle 
whose speed was 100 km/h. How much time elapsed after the 
car left the city before the motorcycle caught up with it? 
Where did this take place? Plot the graph. 

1.4. The speed of a swimmer with respect to the water is 
v, the speed of the stream is u. In what direction should the 
swimmer move to reach the opposite point on the other bank 
of the river? How long will he swim if the width of the river 
is l? 

1.5. What should be the angle at which a swimmer should 
swim to reach point C from point A (Fig. 1.5)? The speed of 
the swimmer v, the speed of the stream и, and the angle p 
are all known. 

1.6. At what angle to the stream should a swimmer swim 
to reach the opposite bank as soon as possible? 


2-0465 
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1.7. The speed of a motor launch with respect to the water 
is v == 7 m/s, the speed of the stream и = 3 m/s. When the 
launch began travelling up-stream, a float was dropped from 


it. The launch travelled 4.2 km up-stream, turned about and 
caught up with the float. 


How long is it before the 
launch reaches the float 
again? 

1.8. A motorcyclist start- 
ed up, rode for 20s with 
an acceleration of 1.5m/s?, 
then 2 min at a constant 
speed, and, finally, bra- 
ked uniformly for 15 s 
and stopped. Find the 
maximum speed, the de- è 

celeration during braking Fig. 1,5. 

and the distance covered by the motorcyclist (graphically). 
1.9. Prove that for a motion with a uniform rectilinear 
acceleration 


2a (1—1y) =v? — Uo 
1.10. A shell leaves the barrel of a gun at a speed of 800 m/s. 
The barrel is 2.0 m long. Find the average ies je iq 


2. Force 
2.1. Find the spring constant К of a 
springs joined a series, system made up of two 
2.2. Two parallel forces Fy and Р, acting ; «" 
tion are applied to a rigid body. ' Ing in the same direc 
Prove that — 
(a) the magnitude of the result 
sum of magni img the forces being added; 
b) the resultant force is parallel to th A hom 
к = in the same direction; e forces being added 
(c) the resultant force passes 4 
parallel forces, i.e. through t 
tance between the points of 


ant force is equal to the 


to the magnitude of the 
forces. 
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2.3. Find the position of the centre of a system of parallel 
forces applied to a rigid body. 

2.4. Find the position of the centre of two unequal antipar- 
allel forces. The distance between the points of application 
of the forces F, and 
F, is a. 

2.5. Find the spring 
constant of а system 
made up of two springs 
joined in parallel. 
2.6. A weight of mass 
m is suspended from 
а cord so that one sec- 
tion of it makes an @n 
angle a, with the ho- Fic. 2.6 

rizontal and the other Tome 


— an angle a, (Fig. 2.6a)*. Find the tension of these sec- 
tions of the cord. 


2.7. A weight of mass m is suspended from a hinged bracket 


N 


Fig. 2.7a. Fig. 2.8a. 


(Fig. 2.7a). Find the forces in the rods making up the bracket. 
2.8. A weight of mass m hangs from a bracket (Fig. 2.8a); 
AB AC ВС = EC =a; DE — a/2. Find the forces 
in the rods. 

* Figure numbers correspond to the numbers of problems. Let- 
ter "a" implies graphical presentation in the Solutions. 
2r 
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Problems 
Pec cc MER. c n 


4, the tension of the thre 
F acting on the pulley'sa 
of the thread and of the p 
3.3. Two bodies with m 


the same? 
3.4. A monkey of mass m clings to a rope slung over a fixed 
pulley. The opposite end of the rope is tied to a weight of 


Fig. 3.4. 


mass M lying on a horizontal Plate (Fig. 3.4), N 
friction find the acceleration of both bodies (relati 
plate) and the tension of the Tope for the three ca 
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(1) the monkey does not move with respect to the rope; 

(2) the monkey moves upwards with respect to the rope 
with acceleration b; ; 

(3) the monkey moves downwards with respect to the rope 
with an acceleration b. а 
3.5. A block of mass M lies on a plane inclined at an angle 
« to the horizontal. А weight of mass m is connected to the 
block by a thread slung over 
a pulley (Fig. 3.5a). Find 
the acceleration of the 
weight and the tension of 
the thread. Friction, the 
mass of the pulley and of 
the thread are to be neglect- 
ed. 
3.6. A rod of mass m, rests 
on a wedge of mass m, (Fig. ed 
3.6a). Guides allow the Fig 3.5a. 
rod to move only in the direction of the 
wedge only in the direction of the z- 


y-axis and the 
axis. Find the accel- 


Fig. 3.6a 


erations of both bodies and the re 
lect friction. 


3.7. A block of mass m is placed on a wedge of mass M 
(Fig. 3.72). Find the accelerations of the block and the wedge 
in the reference system fixed to the table, and the reaction. 
Friction is to be neglected. 


Analyse the limiting case when the wedge remains station- 
ary. 


action of the wedge. Neg- 
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s n- 
3.8. Find the period of revolution of a conical simple pe 


а ће 
dulum whose thread of length Z makes an angle a with t 
vertical (Fig. 3.8). 


3.9. An undeformed s 


as 
pring with the spring constant Е h 
length Zo. When the s 


ar 
ystem (Fig. 3.9) rotates at an angul 


т 


Сууу Ta D gaye 


Ving 
Fig. 3.8, Fig. 3.9, 

3.10. A plane flies at à constant s i i- 

Б Deed of 200 m/s in a hori 

zontal path With radius f t 

NE e dev ol curvature equal to 5 km. Wha 


3.11. A plane flyin 


н 8 at a cons 
wingover* in the 


Vertica] pl 


* A flight manoeuvre in Which à delis 
turn until nearly stalle after which the nose is allowed to шыша 
crs 1 ahat Ta uite formal ate hae о аъ 
opposite to 9^ the manoeuvre was entered, 

A Noster loop. en егей. Algo called 


tant speed of 300 


m/s makes à 
ane with (] 


lé radius 1.3 km. 
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Find the chan 
of the loop. 


3.12. A particle is thrown with an initial speed ро at an 
angle œ to the horizontal. Find the radius of curvature г 
at the highest point of its path, and its ratios to the maximum 
height H and to the distance L of the particle's flight. 
3.13. The equation for a parabola is of the form 22 — 2py, 
where the parameter p — 0. Find the radius of curvature of 
the parabola at each point. 

3.14. Prove that the tangent line to the parabola a? 


) t = 2py 
at an arbitrary point makes an angle о with the z-axis whose 


ge in weight in the upper and the lower points 


T 


Fig. 3.15. 


Fig. 3.16. 
tangent is equal to the z-coordinate of the point divided by 
the parameter p (i.e. tana = z/p 

3.15. The surface of a hill is inclined at an angle a to the 
horizontal (Fig. 3.15). A stone is thrown from the summit of 
the hill at an initial speed v, at an angle B to the vertical. 
How far from the summit will the stone strike the ground? 
3.16. A body falls freely from some altitude H Fig. 3.16). 
At the moment the first body starts falling another body is 
thrown from the Earth's surface, which collides with the 
first at an altitude k = H/2. The horizontal distance is J. 
Find the initial velocity and the angle at which it was thrown. 
3.17. Before the discoveries of Galileo the common opinion 
was that the greater the mass of a body is the faster it falls. 
Try to prove logically, using the fact of additivity of mass, 
that all bodies, independent of their mass, must fall in the 
same way. You will be repeating Galileo's reasoning. (Ga- 
lileo used reductio ad absurdum). 
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4, Gravitation. Electrical Forces 


k iod 
nowing the orbital gons 
the Moon, distance 
4.3. Find the mass of the Sun knowing the average d the 
from the Earth to the Sun (the astronomical unit) an 
orbital period of the Earth 


rth 
Ompare the forces With which the Sun and the Ea 
act on the Moon, 


ite 
OW can you explain the fact that the Moon is a puel 
of the Earth, although the attraction of the Sun is воне 
-9. Find the distance from Venus to the Sun knowing 
i i the orbita] Period of the Earth. eon nd 
4.6. At what altitude above a planet is the acceleration 
to gravity one half of that at its surface? 


on 
9 acceleration due to gravity on the Venus, 
the Moon and on the § 


:8. What Should lanet's 
its axis for the stato or Weightlessness to exist on the plan 
equator? Do the ca i 

9 


n 
* Two S With masses of 0.5 g each hang o 
threads 0.8 m long ea i common hook. What charge 


1 О corners having negative charges s 
equal magnitude. Find the field intensity in the centre 0 
the square in the two. Cases, 


Е 18 uniformly distributed over the surface 
of a ring-shaped conductor of radius a. Find the field inten- 
sity on the axis of the conductor at a distance x from the 
plane of the conductor, 

4.12. The molecule of w T may, as a first a 
be considered as a dipole with an electric mom 
X 10-39 C. m. Estimate the force of attractio 
water molecules. 

4.13. An electric field of intensity p is Set up betwee 
parallel plates of length Z, Ап electron beam enters the 
at an angle € — 0 to the plates and leaves it at an 


Pproximation, 
entp = 6.4 x 
n between two 
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P <0 (Fig. 4.13). Find the initial velocity of the electrons. 
The force of gravity is to be neglected. 

4.14. Two plane-parallel plates 1 = 2 cm long serve as the 
control electrodes of a cathode-ray tube. The distance from 
the control electrodes to the tube's screen is L — 30 cm. 


Fig. 4.13. 


An electron beam enters midway between the plates parallel 
to them at a velocity of Vo = 2 X 107 m/s. What is the 


Fig. 4.15. 


electric field between the electrodes if the beam's displace- 
ment on the screen is d — 12 cm? | | 
4.15. The length of plane-parallel electrodes is l, the dis- 
tance between them is k. An electric field of intensity Æ 
is set up between them. An electron enters the field close to 
the lower plate at an initial speed v, and at an angle a to 
the plates (Fig. 4.15). What should the field intensity be for 
the electron to pass between the electrodes without striking 
either of them? For what angles « is this possible? 
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5. Friction 
5.1. А Stationary bod 
ssive platform (M >т 

1 


I. n t 
for conditions when the coefficien 
of friction between the weight and the plate is џ. 


D Д 
Fig. 5.4, 


5.3. Find the acceleration of the block in Problem 3.5 to 
conditions when the coefficient of friction between the bloc 
and the inclined plane is ц. 

5.4. Find the reaction of the wedge in Problem 3.6, if the 
coefficient, of riction between the wedge and the table is 
Н, the friction between the rod and the wedge being 
negligible, 

5.5. Find the reaction 


De in Problem 3.7 
friction betw 


een the block a 


the coefficient of 


(ihe aera 1S u. Friction be- 
and t i 
5.7. А block © wedge is to be neglected, 


ion of the Wedge to 
Tom sliding down? 
5.8. A disk rotates at 70 


0.44 ion between the 


tunt called “the wall of death” 
:Y-Indrical surface of 18 m iameter, 
What should be the minimum speed of the motorcye 


list to 
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prevent him from sliding down? The coefficient of friction 
is p< 0.8. Take the motorcycle to be a point mass. І 
5.10. A spherical bowl of radius R rotates about the verti- 
cal diameter. The bowl contains a small object whose radius 
vector in the course of rotation makes an angle a with the 
vertical (Fig. 5.102). What should be the minimum angular 
velocity œ of the bowl in order to 
prevent the object from sliding 
down, if the coefficient of static 
friction is pustat? 
5.11. A motorcyclist rides at aspeed 
of 90 km/h. What is the radius of 
curvature of the bend the motorcy- 
clist can make, if the coefficient of 
friction between the rubber tyre and 
the asphalt is 0.65? What is the 
motorcyclist’s inclination to the hor- 
izontal? 
5.12. A glass ball of 4.0 mm dia- 
meter falls in a glycerine solution Fig. 540a. 
(ро = 1.21 x 10° т, т = dime 
9.02 x 10-? Ра :ѕ). The density of the glass is p = 
2.58 х 10? kg/m?. Find the steady-state speed and the initial 
acceleration. Make an approximate estimate of the time in, 
which the ball attains the steady-state speed, and the 
distance the ball travels during this time. 
5.13. With the aid of numerical calculation find the in- 
stantaneous values of the acceleration and the speed of the 
falling ball in the previous problem and plot the graph. 
Choose an interval of time equal to A£ = 0.02 s. 
5.14. Estimate the steady-state speed of settling of dust 
particles in a room l = 2.8 m high and the time of settling. 
Тһе minimum diameter of a dust particle is 2r — 0.06 mm. 
The viscosity of air at 20 °С is т = 1.8 х 10-5 Ра +s, the 
density of the dust particles is p = 2 x 10* kg/m”. 
5.15. Estimate the speed at which hail falls if the diameter 
of a hailstone is 2r = 5 mm, and its density is p = 8 X 
2 n?. 
etn gem you have learned to integrate, find the depen- 
dence on time of the instantaneous velocity of the ball in 
Problem 5.13. 
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6. Theory of Relativity 


6.1. Making use of the princi 


e 
ple of relativity prove that th 
lateral dimensions of an obje 


f e 
ct do not change with a chang 


v, 
988 т 
Fig. 6.4. 
the accelerator, What is the 


Speed of a proton of one beam 
the other? f 
6.4. Here’s one of the “disproofs” of the relativistic law o 
addition of velocities. UPPose two objects initially at the 
Same point start movin 
directions (Fig. 6.4). 
1S 
Al=Al, — 
Hence, the Speed 
We obtained the 
and not the relativi 


аде (ому (о p) At 

Pproach u = Al/At — v + vy. 

Classica] law of addition of velocities 
Stic one. Where lies the error in such 

reasoning? 

6.5. The velocity of li 


ght in a Stationary mediu 
= c/n where c is the Velocity of light in vacuum and р is the 
X of the material (see 863.1). Find h 
ity of light in the medi 


edium moving at 
relative to the Source of light, 
6.6. In the Fizeau experiment 


m is y = 


a constant speed 


i Ie Х п, what will be 
> У 16 travel time: ight beams? 
6.7. What will be the distance a pi 5 : 
before it decays, if its s 0.99c and its intrinsic 
lifetime is To = 2.6 x 10-8 S? What would be the i 
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distance if there is no relativistic time dilation? The distance 
is measured in the laboratory reference frame. 
6.8. Find the intrinsic lifetime of a particle if its velocity 
is below the light velocity in vacuum by 0.2% and the dis- 
lance it travels before decaying is about 300 km. 
6.9. At what speed must a particle move for its rest mass to 
be trebled? 
6.10. Find the expression for the density of a body in an ar- 
bitrary inertial frame of reference. 
6.11. At two points of an iner- 
tial reference frame separated by 
а distance along the z-axis of 
l= 25 — zitwoeventstake place 
Simultaneously. Find the time 
interval between the events in an 
arbitrary inertial reference frame. 
6.12. An electron is accelerated 
in an electric field of intensity 
E = 3.0 x 10° N/C. Find the 
Speed of the electron after 1.0 ns. 
What would be the speed of 
SH plectron, if its mass is inde- 
pendent of speed? ^i 
6.13. A joven’ neta on a particle UE PA: 
moving at a relativistic speed in a direction perpendicular 
to its path. How will the particle move? Express the force 
in n of the speed and of the radius of curvature of the 
path. 
6.14. When you have learned to differentiate trigonometric 
functions, try to prove that in the relativistic case the for- 
mula Ё = ma does not hold, even if m is taken to be the 
relativistic mass. 
6.15. Introduce the following definition: the length of a 
moving rod is the product of its speed and the time interval 
between the moments when its two ends pass a static clock. 
The proper length is determined in a similar way with the 
aid of a clock moving at the same speed along a static rod. 
Find the relation between the length of a moving rod / and 


its proper length Jo. 


Part Two 
CONSERVATION LAWS 


of 5.0 kg mass lies on a horizontal 
wooden table. A bullet of 9, 


& mass hits the block after 
which it moves а distance 25 Ст across the table before stop- 
ping. Find the bullet’s Speed. 

7.2. A railway flatcar whose mass together with the artillery 
gun is M moves at a speed V along the z-axis (Fig. 7.9). 


U 


Fig. 7.2. 


makes an angle o wit 
es the gu 

in the direction he speed of 
the flatcar after the gun has been fired. What sh 

Speed of the flatcar h 


The gun barrel h this ахі 
of mass m leav 


D at speed y (relati: 


S. А projectile 
of the flatcar’s m 


ve to the gun) 
otion. Find t 


Should tne 
e for it to Stop after the firi 


ng? 
friction. Б? Neglect 
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PutM = 10tons, т = 120 kg, V = 6.0 m/s, v = 900 m/s, 
а = 30°. 
7.9. The mass of a boat is M = 80 kg, the mass of a boy 
is т = 36 kg. The boy moves from the stern to the bows of 
the boat. What distance does the boat move, if its length is 
l = 2.8 m? At such low speeds the water resistance may be 
neglected. 
7.4. Find the initial acceleration of a rocket if its initial 
mass is 40 metric tons, the exhaust velocity of gases is 
4 km/s and the fuel consumption 200 kg/s. 
7.5. The initial mass of a missile is M о = 160 tons, the 
exhaust velocity is 4 km/s. After 90 tons of fuel have burnt 
out the first stage with a mass of 30 tons is detached. Next 
additional 28 tons of fuel are burnt. What is the final speed 
of the second stage? 

hat would be the speed of a single-stage missile with 

Ше same mass of fuel? 
7.6. When you have learned to integrate, derive the Tsiol- 
kovsky formula. 
7.7. Why do astronauts experience an increase in overload 
as the spaceship is accelerated? Assume the fuel consumption 
to be constant. 
7.8. A carriage closed on all sides stands on rails. Can the 
passengers inside the carriage cause an oscillatory motion 
of the carriage? Friction with the rails should be neglected. 
The mass of the carriage should be assumed to be commen- 
surate with that of the passengers. 
7.9. Prove that the centre of mass of a uniform triangular 
plate coincides with the point of intersection of its medians. 
7.10. Find the center of mass of a uniform plate shown in 
Fig. 7.10a. А 
7.11. Find the center of mass of a plate shown in Fig. 7.11. 
Put R — 5.00 cm, r — 3.00 cm. | 
7.12. Using numerical methods find the center of mass of 
a semicircle. To facilitate computation put R = 1.00. 
7.13. Using numerical methods find the center of mass of 
wi emm methods find the center of mass of 
a right circular cone wiih. the ertt i = 1 and its genera- 

i i angle a wi : 
ie E poem calculus solve the Problems 7.12, 


32 Problems 


7.18, and 7.14 analytically. ase 
7.16. The third Kepler law was derived in $ 9.4 for the C 
of a planet 


Sun, 
mass being much smaller than that of the 
10 
| 
6 
| 
3 
Fig. 7.10а. Fig. 7.11. 

so that the 


ive 
Sun could be Considered to be Stationary. БЫ 
this law for the case of two bodies rotating about their cen 
of mass. 


8. Total and Kinetic Energy 


St energy 


(the proper energy) of an electron: 
3 neutron 


,,20 Velocity of а Particle whose kinetic energy 19 
equal to its rest energy, 

8.3. Find ner; 
tron whose Speed is 0,99 
«4. The kinetic energy of a Proton is 10 беу, Find its mo- 

mentum and velocity, 

8.5. The kinetic energy of electrons in 


Е the Kharkoy апа the 
Erevan linear accelerators is 10 MeV. Fi 


irm E ind the speed of the 
electrons. 
8.6. What is th 


© error when the classic, 
kinetic energy is Substituted for the re 
Calculate for Wy = (.4c. 


0 1 Лс; fo .9c for w, — 0.99c. 
8.7. The midship section of a launch is § — А m2," 
of its engine is P — 


A -P., the efficiency i 
hat is the maximum s 


ВУ and the momentum of an elec- 
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Coefficient of friction is u. For what angle of inclination will 
the speed of the weight be a minimum? 
8.9. A hydraulic monitor emits a jet of water at a speed 
of 100 m/s. The water flow rate is 144 m*/h. Find the power 
of its pump if its efficiency is 75%. 
8.10. An electron with zero initial velocity is accelerated 
in an electric field of intensity Æ. Find the velocity of the 
electron after it has travelled a distance J. Do the calcula- 
tions for the classical and for the relativistic case. Show that 
от à weak field the relativistic formula becomes the same 
às the classical formula. 
8.11. For an ultra-relativistic particle (pe > о) its total 
energy may be assumed to be equal to the product of its 
g omentum and of the velocity of light in vacuum, i.e. 
= pe. Determine the error arising from this assumption. 


9. Uncertainty Relation 


n Assuming that in a hydrogen atom the electron rotates 
about the nucleus in a circular orbit, estimate the radius of 
this orbit. 

= What kinetic energy must an electron have to be able 
9 penetrate the nucleus? The dimensions of a nucleus are 
of the order of 10-19 m. 


9.3. Assess the kinetic energy of conduction electrons in 


S gue nt which their concentration is of the order of 
ee om, 


9.4. According to modern ideas, a pulsar is a star made up 
almost entirely of neutrons.* Assuming the mass of the pul- 
Sar to be equal to that of the Sun (2 х 10?? kg) and its radius 
{о be of the order of 10 km, estimate the kinetic energy of 
the neutrons. 


10. Elementary Theory of Collisions 


10.1. A block with the mass of 2.0 kg lies on a smooth hor- 
izontal table. A bullet with the mass of 9.0 g flying at a 
speed of 800 m/s at an angle of 30°to the horizontal hits the 
* ibility of such a state of matter was first suggested b 
L. Mc Member of the Academy of Sciences of the USSR, 


in 1932. See, for example, the paper “On the sources of stellar energy", 
Doklady Academii Nauk SSSR, v. 17, p. 304 (1937) (in Russian). 
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block and sticks in it. What is the Speed and the direction 
of the resulting motion of the block? 


10.4. A ball Moving parallel to the y-axis undergoes an 


arabolic mirror y? = 2px. Prove 


Fig. 10.8a. 


that no matter where 


the point of im ies, it wi ji 
канды. р Pact lies, it wil] arrive 
b 5 patron's focus p. Find the Position of ‘the dg 
cona lat аз а result or an elastic Collision of two 
non SUC particles of equal mass the x le 
will be 90°. Scattering ang 
10.6. A relativistic TOlon wi — 
with a stationary Picton A Mis. kinetic lisi. to be elastic 
«e "nd the ate ве ге Чое equally between hs рыл 
pa] an 
= 500 MeV and К d 68, Calculate гог the cases K = 
10.7. A disk of radius г ы 


mo 
at a speed v undergoes ane 
Stationary disk. Express ire 
of the velocity of each of the q woe rection 
function of the impact Parameter 5 ier reu 
tions to be made only for t} paula. 
ion. 
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10.8. Solve the previous problem assuming the mass of the 
moving disk to be m, and its radius гу, and the corresponding 
magnitudes of the stationary disk to be m, and ry (Fig. 10.82). 
10.9. Calculate the pressure exerted by a flux of particles 
striking a wall at an angle æ to its normal. Consider the case 
of elastic collisions. The particle concentration is m. 

10.10. Estimate the sail area of a sailing boat moving at a 
constant speed in the direction of the wind assuming its 
midship sectionto be So = 1.0 m?, the coefficient C — 0.1, 
the boat's speed v, = 3.0 m/s, and the wind velocity v = 

— 6.0 m/s. 

10.11. A ball is thrown horizontally at a speed vo from the 
top of a hill whose slope is œ (to the horizontal). Assuming 
the ball's impact on the hill's surface to be elastic find the 
point where it will hit the hill the second time. 


11. Potential Energy. Potential 


11.1. Prove that in a uniform field the work is independent 
of the path. 

11.2. When you have learned to integrate exponential func- 
tions, try to derive formulas (18.6), (18.10), and (18.12). 
11.3. Assume the potential energy of an object to be zero 
if the object is infinitely distant from the Earth. Write the 
expression for the potential energy of the object at an arbit- 
rary point above the Earth. 

What is its potential energy on the Earth's surface? 
11.4. Assume the potential energy of an object to be zero 
if the object is on the Earth's surface. Write down the ex- 
pression for the potential energy of the object at an arbitrary 
point above the Earth. 

What is its potential energy at an infinite distance? 

11.5. Calculate the energy of a dipole. What is the meaning 
of a minus sign? 
11.6. The dipole moment of a hydrogen chloride molecule 
is 3.44 X 107? C -m, the separation of the dipole is 1.01 X 
x 10-10 m. Estimate the energy liberated in the course of 
formation of 1 kg of hydrogen chloride from the starting ma- 
terials, if the number of molecules in 1 kg is 1.6 x 10%. 
41.7. Find the potential of the electric field in the first Bohr 
orbit of a hydrogen atom (see Problem 9.1). 


g* 
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s jes 
11.8. Find the and the potential aa oe 
of an electr "bit. у M mear 
i energy (see Problem 9.1). 
"^ 16 velocity acquired ру) ү 
ch has travelled pe irl 
~ Pı — Qs. Take the initial | 
1 alculation both for 


electrically charged Particle whi 
potential difference 


calculations both for 
the proton, 

11.11. In the ultra-relativistic Case 
particle accelerated 

the aid of the formul 
in units of MeV/ 


the momentum er. 
Y à potentia] difference Фф is found wi 
a D = eple, this value being expresse 
is the velocity of light in a vacuum- 


System. Find out for what poten- 
use of thi 
less than 5% 


a leads to an error "i 
: Do the calculations both for the electron an 
the proton. 


12. The Law of Conservation of 


0 Energy in 
ewlonian Mechanics 


12.1. The ballistic Pendulum is 
pended from a thread 9.5 m lon 
9.0 g hits the bloc i 


- A bullet with the mass of 
k and ticks in į T iis 
llection of the System Ъ p 4go ТЗ being a 
the bullet's Speed. Y àn angle of 18° (F 


‚2, bod i i i 
г x - x Ed ка mass is raised Vertically to а height 
o А 0 N. Find the final velocity of the 
body using two methods: Newton’s second law anq the law 
of conservation of energy, The initial s is z 
12.3. Solve Problem 5.1 using the fos 
energy. 5 
12.4. A weight is Suspended 
is the initial speed at has to be i he lowest 
Point to make it complete 4 full revoluti ee 
thread is to be neglected. ав Mass of the 


from a t 
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12.5. Solve the same problem for the case of a weight sus- 
ee. from a thin rod of negligible mass. . 
ДЕП - А weight of mass m hangs on а thread. The thread is 
ib by an angle ap and let go. Find the tension of the 
2 A a a function of the angle a. | 
е al small disk of mass m lies on the highest point of a 
i e of radius R. A slight push makes the disk start slid- 
g down. Find the force of 
Pressure of the disk on the р 
Sphere. as a function of the ay 
ie its radius vector makes \ 
ү а vertical. Where does N, 
Shen lose contact with the \ 
[же riction is to һе neg- x 


12.8. A cyclist rolls down a 2 v 
devil’s loop” track foti. i > oe Е 
ы IT. Find the pressure of - 
йай {һе track as a Fig. Asie 
Hol D pi the angle the radius vector makes with the ver- 
idle ion t à calculations also for the case when the cyclist 
12.9 drm from the minimum height. . . 
Widteleol sect object loops a vertical loop in which a sym- 
Find the Nei us of angle 2a has been removed (г ig. 12.9). 
obiect € irem and the minimum heights from which the 
flying rts | oe contact with the loop at point A and 
dine sae ug | 1е air, will reach point B. Find the correspon- 
12.10 R es o. Ше section removed for which this is possible. 
ё 1 - The point of an elliptical orbit closest to the Sun is 
alled the perihelion, and the point most distant from it is 
called aphelion (Fig. 12.10). Denoting vhe distance from the 
perihelion to the Sun by го, and the velocity of the planet at 
the perihelion by vo, find the radius of curvature of the orbit 
at the perihelion and at the aphelion, the distance from the 
see to the Sun, and the velocity of the planet at the 
aphelion. 

Prove that the motion of a planet in an elliptical orbit 
is only possible, if its total energy is negative. 
12.11. Prove that if a space vehicle travels along a para- 
bolic path with the Earth (or some other planet) at its focus, 
the total mechanical energy of the vehicle is zero. 
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12.13. Solve Problem 3.7 using the laws of conservation 
of energy and momentum. 

12.14. A Space vehicle of 4 tonne mass is to take off from the 
Moon and fly to the Earth. Find the amount of fuel required. 
Compare the result with the amount of fuel needed to send 


Perihelion 


Aphelion 


Fig. 12.9, Fig. 12.40, 


an identical vehicle from the Earth ‘Age b 
В k - Assu Е е 

à single-stage vehicle. me the rocket to 
12.15. A star with a mass of more tha i f 
n th 0: 

the Sun contracta 50 much u à ree times that 
to radiate; neither materia] Particles nor ]; t 
i itati „бег ight are able to 
overcome its gravitational field. Fing i an 
object (a “black hole”), d the radius of such 


13.1. Two identical lumps of j | T 
must their speed be fop their со - 188 head on. Wh 

place as a result of an inelastic co] 
aure is fy = — 30°C, Radiative losses are to be neglected. 
13.2. A lead bullet penetrates а board, its Speed being re- 
duced as a result from 400 m/s to 200 
the bullet will тей? Neglect the he 
initial temperature is about 30) °C. 
13.3. The intensity of solar radiation reaching the illumi- 
nated side of the Earth each Second is J = 1.36 к\т, 
Find the decrease in the internal energy and the mass of ge 
Sun per second. How long Will it take for the Sun’s mass 
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decrease due to radiation by 10%? The volume of the Sun 
15 to be assumed to remain constant. 

13.4. A nonrelativistic particle collides inelastically with 
àn identical stationary particle. What is the kinetic energy 
of the body thus formed? What happened to the rest of the 
kinetic energy? 

13.5. A particle with rest mass M, splits up into two iden- 
tical fragments which fly apart in opposite directions at 
Speeds of 0.90c. Find the rest mass of each fragment. 

13.6. A relativistic particle collides inelastically with an 
identical stationary particle. What are the internal and the 
kinetic energies of the resulting object? The kinetic energy 
of the particle before the collision is K = ep where q is 
the potential of the accelerating electric field. Do the cal- 
culations for protons with kinetic energies of 10 GeV and 
76 GeV. 

13.7. Find the kinetic energy that must be imparted to a 
Positron for a proton-antiproton pair to be obtained as a 
result of its collision with a stationary electron. 

13.8. Solve the previous problem assuming the collision 
to take place in a colliding-beam accelerator in which the 
electrons and positrons meet head on with equal velocities. 
13.9. Compare the efficiency of a colliding-beam accelerator 
with that of an accelerator in which the particles strike a 
target made up of identical stationary particles. 

13.10. What should be the energy of a conventional acceler- 
ator for it to beableto do the work of a colliding-beam accel- 
erator of 200 MeV? Do the calculations both for electrons 


and for protons. 


14. Rotational Dynamics of a Rigid Body 


14.1. A force couple is the term used for a system of two equal 
antiparallel forces; the arm of the couple is the shortest dis- 
tance between the forces. Prove that the torque is equal to 
the product of the magnitude of the force and the arm по 
matter what is the position of the point with respect to which 
Ше torque is determined. 1 А 

14.2. Solve Problem 2.2, applying to the system ‘two force 
couples having torques equal in magnitude and opposite in 


Sign. 
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14.3. Find th 
20 kW power 


14.4. The torsion modulus of a spi 


е mass of a disk with a cir- 
cular hole cut in it (Fig. 14.6) is m. 
Find its moment of inertia about an 
axis Passing through point A perpen- 
dicularly to the disk’s plane. 
14.7. When you have learn 
formula for the moment of inertia of a disk, for the 
14.8, Derive, making use of an integral, the formula fo 
Moment of inertia f a sphere about its diameter. for the 
14.9. Derive, making use of an integral, the formula height: 
Moment of inertia of a right circular cone about its ds 

4.10. Solve Problem using numerical methods. 


Fig. 14.6. 


Р the 
ed to integrate, derive 


Fig. 14.13. 


14.9 using numerical methods- 


sation 
f length ] can rotate without pot: Ў 
t Tough its upper end (Fig. speed 
| £e c and let go, Find the s 
of the lower end of the roq as a function of the ang 
14.13. A solid cylinder with ba. 


to 
Se radius iis placed 14.13 ў 
of an inclined plane of length 1 ang slope angle a (Fig. 
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The cylinder rolls down without slipping. Find the speed of 
the centre of mass of the cylinder at the bottom of the plane, 
if the coefficient of rolling friction is k. Can rolling friction 
be neglected? Do the calculation for the following conditions: 
l= 1 m, а = 30°, r = 10 ст, k=5X 107* m. 

What would be the speed if, in the absence of friction, 
the cylinder slides down? 
14.14. Solve Problem 14.13 for a thin-walled solid cylinder 
of the same radius and mass. 
14.15. A solid flywheel of 20 kg mass and 120 mm radius 
revolves at 600 r.p.m. With what force must a brake lining 
be pressed against it for the flywheel to 
stop in 3 s, if the coefficient of friction 
is 0.1? 
14.16. A flywheel with moment of iner- 
tia 0.86 kg-m? and a cylinder of 5 cm 
radius of negligible mass are fixed to a 
common shaft (Fig. 14.16). A thread is 
wound around the cylinder, and a weight 
of 6.0 kg mass is attached to it. What 


time will the weight take to fall 1 m? 

What will be its final speed? Assume the x 
initial speed to be zero. d 
14.17. Solve Problem 3.2 assuming the ES 
moment of inertia of the pulley to be 7 Fig. 14.16. 


and its radius to be r. 
14.18. Solve Problem 12.7 assuming a ball of mass m and 


of radius r to roll down Ses Ma without slipping. 
N energy losses due to rolling riction. 

ТҮГҮ" E VERE in the centre of a Zhukovskii turntable 
(a rotating platform with frictionless bearings) and rotates 
with it at 30 r.p.m. The moment of inertia of the man's 
body with respect to the axis of rotation is about 1.2 kg m’, 
The man holds in his outstretehed hands two weights of 
mass 3 kg each. The distance between the weights is 160 cm. 
What will be the change in the speed of rotation of the sys- 
tem, if the man lets his hands fall so that the distance be- 


tween the weights becomes 40 cm? The moment of inertia 
of the turntable is 0.6 kg -m*, the change in the moment of 
inertia of the man’s hands and the friction are to be neglect- 


ed. 
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> p-m. How will the system 


e man moves to the platform's centre? What 
Work wil] th 


ay — 94 hours), 

14.22. Compare the kinetic energies of rotation of the pul- 

Sar and of the Sun (see Problem 14.21), What is the source 

of the increase in kinetic energy? 

14.23. An electron has ап intrinsic angular mamenn 

(spin) whose component in an arbitrary direction is one hal 

'5 constant, i.e L,— МӘ — 5.95 x 40-85 J E 
Speed of light in vacuum is 

the maximum attainable, Prove that a model in which the 

Spin of an electron is due 

Dot feasiblo. 


15. Non-inertial Frames of Reference 
15.1. Solve Problem 5.7 in the f 
with the wed e. 
15.2. Solve Problem 5.8 in the rotating frame of reference 
Connected with the disk, 


and Gravitation 
rame of reference connected 


5.9 in a Totating frame of reference. 
15.4. Solve Problem 3.8 in a Totating frame of reference. 
] а Totating frame of pesi 
hat is the angular Velocity of rotation of a star a 


А of 

diameter of the order 
0.02 mm. Estimate the time it akes i Pie cream th 
à centrifuge at room temperature (t = 90 °C), if the depri 
of the vessel is 20 cm, the rotation radius 80 cm and the spee 
600 r.p.m. Compare with the time needed to separate cream 
in the gravitational field 


form shown in Fig. mi 
; the Spring constant is Ё. Wi 
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this device work in conditions of weightlessness? What is 
the dependence of the angle œ on the speed of rotation of the 
system? What is the maximum speed for which the device 
is designed if the maximum 
contraction of the spring is 
10% of its original length? 
15.9. Prove that the surface of 
aliquid in a rotating vessel 
assumes the form of a parabo- 
loid of rotation. 
15.10. Making use ofthe prin- 
ciple of equivalence explain 
the origin of weightlessness 
in a spacecraft orbiting the 
Earth (or some other planet). 
15.11. What should be the 
angular velocity of rotation of Fig. 15.8. 
a spacecraft about its axis for 
the astronaut to feel effects similar to those of the Moon's 
gravitational field, where the free fall acceleration is one 
= of the Earth's? Take the spacecraft’s diameter to 
e 6 m. 
15.12. In October 1971 an atomic clock was placed on a 
“Boeing 747” flying at an altitude of 10 km at a velocity of 
4000 km/h eastwards. An identical clock, with time-keep- 
ing accuracy of 1 ns (1 nanosecond = 10-? s) remained on the 
Earth. The plane was in flight 60 h, after which a compari- 
son was made of the clocks' readings. What was the differ- 
ence in the readings of the clocks in the plane and on the 
Earth? What were the contributions of the plane's elevation 


and its speed of flight? 
15.13. Find the gravitational 


shift in frequency on the Sun, 
on a white dwarf, and on a pulsar. Assume the masses of 
all three types of stars to be the same and equal to 2 X 
x 10?! kg; the radius of the Sun to be 7 X 10° km, of the 
white dwarf 10? km, and of a pulsar 10 km. 

15.14. Our solution of Problem 19.15 was incorrect; we 
mado use of the formula for the escape velocity derived from 
nonrelativistic expressions for the kinetic and the potential 
energies. Try to derive а formula for the radius of a black 


hole from relativistic considerations. 


Part Three 


MOLECULAR-KINETIC THEORY oF GASES 


16. An Ideal Gas 


16.1. Prove that the Magnitude of the hydrostatic pressure 
is proportional to the height of the column of liquid (or 
gas) and is independent of the vessel's shape. P 
16.2. Making use of the expression for the hydrostatic 
pressure, derive an expression for the magnitude of the 
Archimedes force, 

16.3. What is the value of the unit of pressure 1 mmllg 
(torr) on the Moon? On enus? Use data from Problem 4.7. 
16.4. In Stern's experi 

silver atoms emitted a heated 
filament passed through a sli 

were deposited on the cool 

of an outer cylinder (Fig. 16.4). 
When the System was Totated at 


high speed there was a deflection 
of the slit’s imagi 


The apparatus 
was first rotated in o i 
and then in the Opposite dj 
and the distance between the 


Fig. 16.4. 


nal cylinder is 9.9 em an Я 
external one 8.0) Ст. The speed 9f rotation is 2700 r.p.m- 
and the filament temperatur 


e 960 "G. the 
Estimate the errors 0 measurement, if the width of 
slit is 0.5 mm. 
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16.5. At what speed must the rotor of Lammert's machine 
rotate for gas molecules with velocities of 700 m/s to pass 
through the slits? What velocity spread will be recorded in 
ШӨ experiment? Take the distance between the disks to be 
10 em, the angle between the slits to be 20? and the angular 
Width of the slit to be 2°. 
Estimate the error in the experiment. 
16.6. The temperature of the Sun’s external layer (the pho- 
tosphere) is about 6000 K. Why don’t hydrogen atoms, the 
pers component of the photosphere, leave the Sun's sur- 
ce 
16.7. The height of the photosphere is much less than the 
Sun's radius. Equating gravitational and pressure forces 
try to estimate the height of the photosphere assuming it to 
е made up entirely of atomic hydrogen. 
16.8. The density of the photosphere assessed with the aid 
of optical methods is 2 x 10-4 kg/m?. Find the average gas 
pressure in the photosphere and the mean free path of hydro- 
Ben atoms. 
16.9. Knowing the mass and the radius of the Sun one may 
find the average density of the Sun's material. Estimate 
the pressure and the temperature of the gas in the middle of 
the radius assuming, for the sake of simplicity, that the 
density is constant and that the acceleration due to gravity 
at this point is one half its value at the surface. What is 
the proton concentration at this point? 
16.10. Explain the reason why the Moon cannot retain its 
atmosphere. Take into account that during a lunar day its 
temperature rises above 100 "Cs 
16.11. A vacuum has been created in a radio tube, i.e. a 
state of gas where the mean free path of its particles exceeds 
the characteristic dimensions of the vessel. Assuming the 
tube's length to be 5 cm and it to be filled with argon, esti- 
mate the density and the pressure of the gas at room temper- 
ature (20 °С). 
16.12. (а в lifting force of a balloon of 2 X 104 m? 
capacity filled with helium at the surface of the Earth and 
at an altitude of 10 km above sea level. The balloon's en- 
velope is open underneath. For data on the properties of 
the Earth's atmosphere see $ 26.10, Table 26.3. 
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| 16.14. Dalton's law is formu 


16.15. A gas container of 201 capa- 
City contains a mixture of 10 g of 
hydrogen and 48 g of oxygen. After 

by a spark 
the gas formed is heated to 300 °С. 
Find the pressure of the gas. 


(М = 99 


Height of the layer above the 
tray’s bottom, um 


5 35 65 95 
Number of particles in the layer 


100 47 23 12 
Knowing the ball’s radius to be 0.219 um, the density of 
gumboge gum to be 1.252 x 103 kg/m?, the density of water 
at 27 °C to be 0.997 X 103 кыз 
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Compare the concentrations of the light and the heavy ura- 
nium isotopes near the centrifuge walls, if the diameter of 
the cylinder is 10 cm, the rotation speed is 2.0 x 10? r. p.s 
the temperature of uranium hexafluoride is 27 *C. For con- 
centrations in normal conditions see $ 25.6. 

Find the enrichment factor in the mixture of the heavy 
isotope near the walls of the vessel. The term enrichment 
factor applies to the quotient obtained by dividing the 
concentration ratio during rotation by the initial concen- 


tration ratio: 
z-( n)a noz ) 
ny nor 


16.20. How many times in succession should the light frac- 
tion be separated in the centrifuge to obtain a mixture con- 
taining 80% of light uranium isotope? 
16.21. We have obtained the barometric distribution for 
the case of an isothermal atmosphere; indeed, in $ 26.10 we 
assumed the temperature to be the same at every point. 
Actually, in the real atmosphere the temperature drops with 
altitude. It may be demonstrated that if the decrease in the 
temperature with the altitude is linear, i.e. if T — To (4 — 
— ah), the barometrical formula assumes the form 

p T \mg/akTo 

-U) 

Prove that if & is small this formula reduces to the for- 
mula for the barometric distribution in an isothermal at- 
mosphere. 

16.22. Try to derive the barometrical formula for an atmos- 
phere in which the temperature decreases linearly with the 
altitude. 


16.23. Measurements carried out by the Soviet "Venus" 


space-probes with the aid of their landing modules have 
shown that from an altitude of 50 km above the surface of 
Venus the temperature of the planet's atmosphere changes 
linearly as the altitude decreases. Using the data given below 
prove that this layer of the atmosphere consists mainly of 


carbon dioxide gas. 


Altitude above surface h, km 50 42 37 15 0 
Pressure p, atm 1 3.3 6 37 90 
Temperature #, ^C 80 160 200 360 485 

353 433 473 633 758 


T, K 
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Problems 


17. The First Law of Thermodynamics 


ins helium, whieh expands ata ee ge 
pressure when 15 kJ of heat is supplied to it. What ng a 
the variation of the internal energy of the gas? What is X 
Work performed in the expansion? 
12:2. Cylinder contains 0.1 


à piston Supporting a weight of 74 kg (Fig. 17.2). 
What amou 


nt of heat. should be supplied = 
to lift the weight by 0.6 m? The process E-—----- 
Should be assumed isobaric the 


City of the ү 
sure should be 
3. For monoatomic 


+ 0.01. Find Specific hea 
of neon. 


17.4. For most diatomic Bases at 


temperatures y = 4. 4 45 = 0.01. Find the Fig. 17.2. 

Specific heat of nitrogen in these conditions, 

17.5. A cylindrical Vessel of 28 om diameter contains 20 Б 

of nitrogen Compressed by a piston Supporting a weight КП 

75 kg. The temperature of the gas is 17 °C. What work wil 
a 


ases ү = 1.66 + 


ts of helium and 


the gas do, if it is heated to 


temperature of 959 °С? What p, Юра 
amount of heat should be Sup- ғ 
plied to it? Wh 


at distance will 
the weight beraised? The process 


should be assumed isobaric; " 
heating of the Vessel and the 
external pressure should be neg- 
lected. 


t quantity of heat has bee? 
was monoatomic, 


of the gas in this process? —À— 
at constant pressure and at co 
Stant volume. 
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17.7. The initial gas pressure is 6 X 10° Pa and the volume 
1 т”. Expansion at constant temperature leads to its volume 
being increased two-fold. Using numerical methods calculate 
the work of expansion of the gas. 

Compare with the formula in $ 27.6 and estimate the error. 
17.8. When you have learned to integrate derive the for- 
mula to calculate the work of expansion of a gas at constant 
temperature. 

17.9. A gas has been subjected to an isochoric-isobaric cycle 
1-2-3-4-1 (Fig. 17.9а). Plot the graph of this cycle in the 
D-p, V-T and p-T coordinates. 


Eig. 17.9a. Fig. 17.10a. 


17.10. A gas has been subjected to isothermal-isochoric 
cycle 1-2-3-4-] (Fig. 17.102). Plot'the graph of this cycle 
in p-V, p-p, and p-T coordinates. 
17.11. When you have learned to integrate derive the Poiss- 
on formula for an adiabatic process. 
17.12. Express the relations between the pressure and the 
temperature and between the volume and the temperature 
in an adiabatic process. 
17.13. The initial pressure of air is 4.0 x 105 Pa, the ini- 
tial volume is 2.0 m?. The gas was compressed adiabatically 
so that its volume decreased to a quarter of its original vol- 
ume. Find the final pressure. Compare with the pressure 
that would result from a similar compression of the gas at 
а constant temperature. 

Which process requires the greater work to be performed 
in compressing the gas? 


4-0465 
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17.14. The initial pressure of neon is 2.0 x 40° bo ш 
initial volume is 0.4 m3. The gas expanded adiabatical din 
that its volume increased three times. Find the final pr el 
sure. Compare with the pressure that would result from Am 
expansion at constant temperature. In which process do 
the gas perform more work upon expansion? РЕ 
17.15. Find the degree of compression of air if its temper 3 
ture rises from 15 °С to 700°C upon compression. Assume tA 
Compression process to be adiabatic. А 
17.16. The distance between the atomic centres in a nitro- 
gen molecule is 1.094 X 10-10 m. Find the moment of inertia 


of the molecule and the temperature at which molecu- 
lar collisions cause the sta 


te of the rotational motion 10 
change. 
17.17. The natural frequency of vibrations of a nitrogen 
molecule is 4.4 х 1014 rad/ 


1 1 { 5. Find the temperature at whic 
vibrations of the nitrogen molecules аге excited. 


18. The Second Law of Thermodynamics 
18.1. What is the probability 
of 36 cards (a normal pack w 


5"s removed) (а) a spade card 
of any suit? 


of extracting from a pack 
ith all the 2's, 3's, 4's, and 


; (b) a red сага; (c) a queen 
18.2. What is the 


probability of extracting from a pack 
of cards (a) а court-card; (b) a red court-card? Р 

18.3. What is the probability of extracting two aces in 
succession from a pack as in Problem 18.4 (a) if the ace 


° o о 
o о о 


Fig. 18.4. 


ted first is returned to the ack; i 
Fig npe reneis P (b) if the ace extracted 
18.4. Find the mathematical and the ther 
abilities of the five possible distrib 
in two halves of a vessel (Fig. 18.4), 
distinguishable. 


modynamica] prob- 
Ulions of four balls 
assuming them to be 
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18.5. Try to generalize the result of the previous problem 
io include the case when one part of the vessel contains k 
out of n balls (k < n) in conditions when 

(a) the probabilities of a ball being in the left-hand and 
the right-hand parts of the vessel are different; 

(b) the probabilities of a ball being in either part of the 
vessel are equal. 
18.6. Plot the graphs of the functions C} and С"*. (Choose 
the scale of the x-axis so that the graphs can be conveniently 
compared. For instance, for n — 6 
you can use thescale 1 : 13 mm 
and for n—8 the scale 1: 10 mm.) 
18.7. A vessel of capacity Vo con- 
tains n molecules. Calculate the 
probability of all the molecules 
assembling in a part of the ves- 
sel V < Vo. 
18.8. Prove the theorem converse 
to the one of § 28.8: if in the course 
of the heat exchange between two 
bodies contained in a closed and an 
adiabatically isolated system the 
entropy rises, then the heat tran- 
sfer will be in the direction from 
the heated body to the cold one. 
18.9. Figure 18.9 shows the results of a series of observations 
of a migrating Brownian particle. The observations were 
made at intervals of 30 s, the temperature of water was 25 °C, 
the radius of a Brownian particle is 4.4 X 1077 m. Measur- 
ing the "steps" of the particle in the scale specified, find the 
square of the r.m.s. displacement for a given time, and cal- 
culate the Boltzmann constant and the Avogadro number. 
The scale is as follows: 1 mm on the graph corresponds to a 
displacement of 1.25 pm. 
18.10. Plot the 7-S diagram (i.e. the entropy vs tempera- 
ture dependence) (a) for an adiabatic process; (b) for an 
isothermic process. 


* In this book, as in “fundamentals of Physics” by B. Yavorsky 
and A. Pinsky, the notation C} is used for (7), i.e. the number of 
combinations of k objects from n. 


Ге 
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— 55 NN 


Sion in terms of temperature and 
entropy. 

18.13. When you have learned 
to integrate, calculate the change 
in entropy in the course of an 
arbitrary quasi-static process. 
18.14. Solve the previous prob- 
lem for the casesofan isochoric, 
an isobaric and an isothermic 
process. 

18.15. Find the work per cycle Fig. 18.17. 

in Problems 17.9 and 17.10. 

18.16. Plot the Carnot cycle in the 7-S coordinates and 
calculate its efficiency, 

18.17. Figure 18.17 depicts an i 
internal combustion engine. The 
the adiabatic co 


dealized cycle of a petrol 
Segment 1-2 corresponds to 


adiabatic expansion of the 
-1, to the isochoric exhaust of spent 


r3 efficiency in lerms of the gas 


8 fing maximum efficiency of this 
engine and compara it with the actual efficiency, which 


ults of P 
tween th 


18.19. Making use of the res 
try to find the connection be 


roblems 17.8 and 18.7 
modynamical probability. 


© entropy and the ther- 


19. Fundamentals of Fluid Dynamics 


. Oil flows in a pipeline at a speed 
ү Sdn is 2 X 10° tons/h, Find Wi 


of 0.8 m/s, The oil 
19.2. The internal diameter of a 


^ oi 
е diameter of the pipe]; 
nozzle is 9 cm. ee. 


t emits 
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à jet of water at a speed of 18 m/s. Find the excess pressure 
in the fire-hose, the diameter of which is 6 cm. 

19.3. To measure the flow rate in a gas pipeline a narrowing 
is made in it and the pressure difference between the wide and 
the narrow parts of the pipe is measured (Fig. 19.3). Find 
the gas flow rate, if its density is 1.4 kg/m?, the diameter of 
the pipe is 50 mm, the di- 


ameter of the narrowing is 
30 mm and the pressure . БЇ. — 
difference is 18 mm of water. 


The compressibility of the === ——7 SNS ———— 
gas is to be neglected. 

19.4. Derive the Bernoulli Fig. 19.3. 

equation for an incompres- 

Sible liquid flowing in an inclined tube of variable cross sec- 
tion in a gravitational field. 

19.5. Water flows out of a wide vessel through a small ori- 
fice. Express the flow velocity as a function of the height of 
the column of liquid. 

19.6. Using the Bernoulli equation for a compressible flow 
derive the relation between the velocity of the flow at a 
given point and the local sound velocity. 

19.7. An explosion creates a shock wave. Find the initial 
velocity of the wave front when the air pressure is 200 times 
the atmospheric pressure, assuming that the front of the 
shock wave may be regarded as a discontinuity in the den- 
sity. Take into account that at such pressures y = 1.8. 
19.8. The volume of air decreased to one third of its original 
value as a result of shock compression. How many times did 
the pressure of air and its temperature increase? Compare 
with the variation of these quantities as a result of quasi- 
static adiabatic compression. 

19.9. A jet plane flies at an altitude of 1 km at a speed twice 
that of sound. How far away will the plane be from an ob- 
server when he first hears it coming? 

19.10. Show that shock compression of a gas causes its en- 
tropy to rise. 

19.11. The steam temperature in a boiler is 600 °C, the 
pressure is 200 atm. The steam is ejected from a Laval nozzle. 
Find the velocity and the temperature of steam in the crit- 
ical cross section. To avoid the condensation of steam as it 
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leaves the nozzle, 
What is the maxim 
nozzle? 

19.12. The velocity of combu 
nozzle of a rocket is 2.0 km/s 
Find the temperature in the 
maximum efficiency. Assume 
complete and carbon dioxide t 
19.13. The initial mass of a 
acceleration is 3g. The rocket 
diameter. The remainin 
problem. Find the ini 
the oxidant), the dens 
from the nozzle. 


a 
19.14. A passenger plane flies at an altitude of 8 get i 
speed of 900 km/h. The speed is measured with the ai ilie 
a Pitot-Prandtl tube. Find the pressure difference in 


re 
differential manometer, For data relating to the atmosphet 
see § 26.10, Table 26.3. 


19.15. Find the speed of a motor launch, if the water i? 
the Pitot-Prandtl tube has risen to a height of 1.8 m. | 5 
19.16. What excess pressure should a pump set up in P 
oil pipeline, if the distance between the pumping station 
is 50 km? What is 


the puiup's power? The pipeline shoul 
be assumed smooth 


0 °C. 
its temperature should exceed 100 к 
um speed at which the steam leaves 


stion products пуна tror a 
and the temperature is 60 the 
combustion chamber and а 
the fuel combustion i o. 
о be ejected from the pus 
rocket is 30 tons, the ini нА 
has four nozzles each of не 
g data are the same as in the een i 
tial fuel consumption (together Yad 
ity and the pressure of the gas ejec 


; and the data of Problem 19.1 should 
be used. р 
19.17.-May the Continuity equation be used in the analysis 
of a pipeline? What а} 


out the equation of momenta and the 
Bernoulli equation? 


Part Four 


MOLECULAR FORCES AND STATES 
OF AGGREGATION OF MATTER 


20. Solids 


20.1. An aluminium cube with 1 cm edge is subjected to 
hydrostatic stress. What force acts on each face if the de- 
crease in the volume is 1 percent? 

20.2. Hooke's law is valid for the elastic extension (or com- 
pression) of a rod. This law may be written down, by anal- 
ogy with the formula of the previous problem, by substi- 
tuting Young's modulus 
E for the bulk modulus 
K. Write this formula 
and express the rigidity 
of the rod in terms of its 
dimensions. 

20.3. A steel cable is 
made up of 120 wires 
each of 1 mm diameter. 
The rope's length is 4 m, 
the distance between the suspension points is 3.8 m (Fig. 
20.3). A weight of 1 tonne mass is suspended in the mid- 
dle of the rope. What will be the rope's elongation? What 
weight will cause the rupture of the rope? The ropeis made 
of soft steel. 

20.4. Imagine an infinitely long one-dimensional ionic 
crystal—a chain of alternating positive and negative ions 
with a distance a between them (Fig. 20.4). Find the force 
with which one half of the chain acts on an arbitrary ion 
and compare the result with the force Fo acting between the 


Fig. 20.2. 
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two adjacent ions, Calculation accuracy should be better 
than 0.001. 


20.5. Find the b 
the effect of all 
numerical calculations for sang 
which the distance between the centres of neighbouring ion 


(the lattice Constant a) is, according to data obtained with 
the aid of X-ray struct 


ural analysis, equal to 2.81 A. Do 
the same for a lithium fluoride crystal, in which a = 2.01 À. 


a 


Fig. 20.4, 


20.7. A steel flywheel is made in the shape of а solid ring 
of 40 cm 


external and 30 cm interna] diameter. What 18 
its maximum design speed? At what sp 
20.8. What pressure can a s 


9 supports. Its tem- 


- What is the Tesulting stress 


in the rod 

20.11. A steel cylinder wa 
and fitted without play i 
room temperature (20 °C). The internal radius of t 
is 25 mm and the external radius is 35 mm, 

mation of the cylinder find the stress in th 
nature of its deformation. | 
20.12. Water penetrated Into a crack in a Tock and froze 
there. What is the Tesulting pressure? 

20 13. To determine the volume expansion сое 
kerosene, one end of a U-tube filled With it was hel, 


he shell 
eglecting defor- 
© shell and the 


ficient of 
d at 10 °С, 


Molecular Forces and States of Aggregation 57 


and the other at 80 °С. The level of liquid in one tube was 
280 mm and in the other 300 mm. Find the coefficient. 
20.14. What is the number of atoms in an elementary cell 
of a simple cubic lattice? 

20.15. What is the number of atoms in an elementary cell 
Of a face-centered cubic lattice? 

20.16. What is the number of atoms in an elementary cell 
of a closely packed hexagonal lattice? 


21. Liquids 


21.1. The viscosity of mercury decreases with the rise in 
temperature (Table 21.12). Check whether relation (34.10) 
is valid for mercury. Calculate the activation energy. 


Table 21.1a 


Temperature | Viscosity n, Temperature t, | Viscosity m, 
t, °С mPa.s. °C mPa-s 
0 1.681 50 1.407 
10 1.621 60 1.367 
20 1.552 70 1.327 
30 1.499 100 1.232 
40 1.450 


21.2. To what height will water in a capillary of 0.8 mm 
diameter rise? Assume the contact angle to be zero. 

21.3. A capillary of 0.8 mm diameter is immersed in water, 
and rises 2 cm above the water. To what height will the 
water rise in it? How can the result be made consistent with 
the result of the previous problem? 

21.4. There were 100 droplets of mercury of 1 mm diameter 
on a glass plate. Subsequently they merged into one big 
drop. How will the energy of the surface layer change? The 
process is isothermal. 

21.5. To pump liquid out of a vessel which is not wetted by 
it into a vessel wetted by it one may make use of surface 
tension forces (a capillary pump). What will be the speed of 
flow of petrol in a capillary of 2 mm diameter and of 10 cm 
length? The experiment is conducted in conditions of weight- 
lessness. 4 
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21.6. Compare the effective 
water at low and high temperatures, A 
21.7. Liquid in a capillary rises to a height k. What colum 


of liquid will remain in the capillary, if it is filled in a hor- 
izontal position and then 


placed in a vertical po- 
sition? Assume the capil- 
lary to be sufficiently 
long. 

21.8. Find the height to 
` which a liquid rises bet- 
ween two long parallel 
plates, adistance dapart. 
21.9. A drop of water of 
0.2 g mass is Placed bet- 
Ween two well cleaned . ind 
glass plates, the distance between which is 0.01 cm. Fin 
the force of attraction between the plates, R 
1.10. Two Soap bubbles with radii of curvature у and n 

> ‘into contact as shown i 
Fig. 91.10. What is the radius 


of curvature of the film be- 
tween them? What is the contact angle of the films? 


ness of a capillary pump for 


Fig. 21.10. 


22. Vapours 


224. Making use of Table 35.4 
Mendeleev-Clap i 


£2.2, dent the result of the previdis problem in contradic- 
tion with the fact th i - P 
nates is represented 


nonlinear (see § 35.3, Fig. 35.2)? 

22.3. A cylinder closed by a piston contains 8 g of water 
vapour at a temperature of 55 °C. The vapour is compressed 
isothermally. What will be its volume when dew begins to 
appear? И А 

22.4. A cylinder closed by a piston Contains 3.5 g of water 
and 2.9 g of water vapour at a temperature of 40 °C. The gas 
expands isothermally. What will be the volume correspond- 
ing to complete evaporation of water? 


T 
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joe The air temperature is 18 °C, the dew point is 7 °C. 
22.6 the absolute and the relative humidities of the air. 
E - During the day the air temperature was 25 °С, the 
Я roe humidity was 68%. At night the temperature fell 
et 1 C. Will dew precipitate? If the answer is positive, 
22 at will be the precipitation per cubic metre of air? 

-7. 5 m? of air with a relative humidity of 22% at 15 °C 
and 3 m? of air with a relative humidity of 46% at 28 °C have 
been mixed together. The total volume of the mixture is 
8 m3, Find the relative humidity of the mixture. 

22.8. Making use of the values of the critical parameters of 

water (§ 35.5) check whether those parameters satisfy the 

ideal gas law. Explain the result. 

22.9. Table 22.9 contains the values of the density of liquid 
Table 22.9 


ature si iqui Density А 
терра | Pee шшр» | ор ee 
0 94 96 3.47 
10 856 133 4.48 
20 766 190 5.70 
25 703 240 6.41 
30 598 334 1.16 
31 536 392 7.32 
31.25 497 422 1.88 
31.35 404 464 1.39 


carbon dioxide, as well as the pressure and the density of its 
saturated vapour. Find the critical parameters of this sub- 
stance. Plot the density vs temperature graphs. 


23. Phase Transitions 


ork is performed when 1 kg of water 


23.1. What amount of w 
turns into steam at 100 °C? How much energy is spent to 


break the bonds between the molecules? 

23.2. If you sling a thin wireloop around a block of ice and 
attach to ita weight of several kilograms then after some time 
the wire will pass through the block of ice, but the block 
remains intact (Fig. 23.2). Explain this phenomenon 
93.3. 0.2 kg of water vapour at 100 °С is admitted into a 
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Н hat 
mixture consisting of 5 kg of d and 3 kg of ice. W 
will happen? Ne lect radiative osses. r 
oh | 9 assuming that 1.4 kg of wate 
to the mixture. 
15 *C is thrown into a litre of water 


23.4. Solve Problem 23 
vapour was admitted in 
23.5. 0.5 kg of ice at — 
at room temperature 
(20 *C). What will hap- 
pen? Neglect losses. 
28.6. Solve Problem 

assuming the 
amount of water to 
be 3] 


23.7. Pure water can 
be supercooled down 
to —10 °C. Ifa small f 

ice crystal is thrown Fig. 23.2. 
into, it immediately 
freezes. What fraction of w 
adiabatically isolated. 

2 


-8. Water is boiling in a kettle on an electric hot-plate E 
Power. Find the steam outflow velocity, if the сто 
Section of the Spout is 0.9 cm? and the pressure at the outpu 
is normal. The efficiency of the hot plate is 72%, 
-9. Ice at 0 *C is enclosed in an adiabatic Shell 


ater will freeze? The system 15 


In what temperature range c 
obtained? In what conditions 


Part Five 


ELECTRODYNAMICS 


24, A Field of Fixed Charges in a Vacuum 


24.1. Estimate the upper limit of the error made in calcu- 
lating the force of interaction between charged spherical 
conductors with the aid of the Coulomb law. The radii of 
the spheres are ry, the distance between their centres is r. 
Carry out the calculations for r > 2070. 

24.2. Two electric charges q, = q and qa = — 29 are placed 
at a distance l = ба apart. Find the locus of points in the 
plane of the charges where the field potential is zero. 
24.3. Prove that the units of field intensity N/C апа V/m 
are identical. 

24.4. An oil droplet of 0.01 mm diameter floats in equilib- 
rium between two horizontal plates the distance between 
which is 25 mm. What is the charge of the droplet, if the 
equilibrium corresponds to a voltage of 3.6 x 10* V across 
the plates? 

24.5. In 8$ 18.3 and 18.7, 18.8 we have obtained the expres- 
Sion for the potential of the field of a point charge using nu- 
merical methods. When you have learned to differentiate, 
prove that formula (18.25) leads to the expression for the 
feld intensity of a point charge known from the Coulomb 
aw. 

24.6. When you have learned to integrate, derive formula 
(18.25) from the familiar expression for the field intensity 
of a point charge. 

24.7. А charge q is uniformly distributed on a ring-shaped 
conductor of radius a. Find the field potential in an arbitrary 
point on the conductor's axis a distance z away from the 
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plane in which the conductor lies. Using the relation Ру 
tween the potential and the field intensity, find the 
intensity at this point. Compare with Problem 4.11. die 
24.8. А dipole is placed in the field of a point charge, chi 
distance between the dipole and the field source being m ОЛ 
greater than the dipole separation. Find the force acting 
the dipole and the torque, if the dipole is arranged: 

(a) perpendicular to the line of force; 

(b) in the direction of the line of force. ne 
24.9. Two capacitors with capacitances C, and C, are СО 
nected in parallel. Find the resultant capacitance. "el 
24.10. The same Capacitors are connected in series. Fin 
the resultant capacitance. 


24.11. Several identical capacitors were connected in paral- 
lel and charged 


lo а voltage о. Subsequently they ‘were p? 

Connected in series with the aid of a switch. What will 8. 
the voltage across the terminals? Will the energy of the SY. 
lem change? 1- 
24.12. Draw the diagram of a switch which enables a v" 
lel connection of а Capacitor battery to be changed to a 5 
ries one and vice versa, { 
24.13. A sphere carries a uniformly distributed electri® 
charge. Prove that the field inside the Sphere is zero. " 
24.14. Prove that the field on the surface of a sphere t 
rying a uniformly distributed electric charge is equal to tha 
which would have been established, if the entire charge 
were concentrated in the centre of ihe sphere. 
24.15. Find the electric field at an arbitrary point of a sphere 
carrying a Charge uniformly distributed over its volume. 
24.16. Find the capacitance of a spherical capacitor. Prove 
that for small distances between the spheres the capacitance 
may be calculated with the aid of the formula for а plane 
capacitor. 

Estimate the err 
24.17. Suppose that an electron may be co 


е same as that of an 
equal point charge; inside the ball the fi 


г eld is zero, From 
these considerations find the energy of the electron’s field. 


Assuming it to be equal to the electron’s rest energy esti- 
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mate the radius of this ball (double this quantity is called 
the classical radius of the electron). 

Compare with Problem 14.23. 
24.18. A spherical shell of radius R carries a uniformly dis- 
tributed charge g. The electrical forces arising cause the ex- 


+ 


Fig. 24.20. 


pansion of the shell. Find the mechanical stress in the shell. 
24.19. The radius of a soap bubble is 5 mm. What charge 
should be imparted to it to make 


it begin to swell? mm 
24.20. The lower plate of a plane xd "i 
capacitor lieson an insulating plane. [. al 
The upper plate isearthed through  $—-. 2, 
scales (Fig. 24.20). The scales are bal- T "I 


anced. What additional weight 
should be placed on the left-hand 
pan to maintain the balance, if a 
voltage of 5000 V is applied across the plates? The dis- 
tance between the plates is 5 mm and the area of the plates 
is 80 cm?. 

24.91. Two identical capacitors are charged to different po- 
tentials pı and Ф» relative to the negative earthed electrodes. 
The capacitors are then connected in parillel (Fig. 24.21) 
Find the potential of the battery after the connection was 
made and the change in the energy of the system. 


Fig. 24.24. 


25. Dielectrics 


г * 
25.1. The distance between the plates of a plane capacitor 
is 10 mm, the voltage is 10 kV. А Sheet of mica of the same 
dimensions as those of the plates is then inserted between 
€ the polarization charge on the surface of the 
mica sheet assuming the plates to remain connected to the 
power supply, 
25.2. Solve Problem 25.4 assuming the capacitor to have 
been initially charged and subsequently disconnected before 


E i ЕШ 


i 
Fig. 25.4, 


the mica sheet is inserted in it, 


25.3. Find the capacitance of a capacitor, if it is made up of 


20 sheets of paraffined paper 0.1 mm thick, interspaced 
With aluminium foil sheets of 


cm X 3 cm dimensions. 

In what 
Сап such a capacitor work? 
25.4. Find the capacitance of 
а capacitor if the area of its 


Fig. 25.5. 


the plates is d, and a dielectric 
Sheet of the thickness d < dy 
is inserted 

(Fig. 25.4). 
25.5. Find the Capacitance of 
a capacitor in which the space 
between the plates is partly 
filled with a dielectric (Fig. 25.5). 
25.6. A water droplet is placed in the 


the electric forces to overcome the force of gravity? The 


* In all problems involving plane Capacitors frin 


lo be ignored. Бе effects аге 
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radius of the droplet is much less than the distance between 
the droplet and the charge. 

25.7. A large vessel is filled with a liquid. Two vertical 
plates touch the surface of the liquid (Fig. 25.7). The di- 
mensions of the plates are a and 5, the distance between them 
is d. The plates have been charged by applying a voltage фо 
ànd then disconnected from the voltage source. To what 
height will the liquid rise? Ignore capillary eflects. 

25.8. Solve Problem 25.7 assuming that the plates remain 
Connected to the voltage source. 

25.9. The electric susceptibility of water vapour is strongly 
dependent on temperature: 

Temperature #, 90 120 150 180 210 
Pressure p, mmHg 565 609 653 698 


Electric sus- 
ceptibility x 4.00 x 10-9 3.72 x 10 3.49 x 10-9 3.29 x 10-3 


Plot a graph and find the temperature dependence of the 

electric susceptibility. Calculate the dipole moment of a 
molecule of water. 
25.10. The dielectric permittivity of gaseous argon at stan- 
dard conditions is 1.00054. Find the dipole moment of an 
argon atom in an electric field of 10 kV/m. Compare with the 
dipole moment of a water molecule. 


26. Direct Current 


26.1. A circular ring made of copper wire of 0.1 mm dia- 
meter and 60 cm long is connected as shown in Fig. 26.1. 
Find the resistance of the circuit. What should the length 
of the shorter section AB = x be for the resistance of the 
circuit to be 0.2 ohm? . | 
26.2. Find the resistance of the wire figure shown in 
Fig. 26.2a. The wire is uniform, made of aluminium of 
0.4 mm diameter. The length of the side of the square is 
vari five-pointed regular star (Fig. 26.3) has been sol- 
dered together trom uniform wire. The resistance of the sec- 
tion EL is r. Find the resistance of the section FL. 

26.4. The wire star of the previous problem is connected to 
the circuit at points F and C. Find the equivalent resistance. 
26.5. A cube is soldered together from identical pieces of 


5-0465 
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Wire each of д resistance r, 
the Corners lying on oppo 
(Fig. 26.5a). Find the equi 


26.6. The instrument used to measure resistance is ie 

heatstone bridge with a slide resistance—a wire of are 
resistivity of length Z (Fig. 26.6). Here R is a аша 
resistance, A. the unknown resistance. By moving the slid- 
ing contact, the current in the galvanometer is made to 


: i t 
It is connected to the circuit à 


ù А 1 
site ends of a body diagona 
valent resistance. 


Fig. 26.1, 


Fig. 26.2a. 


Fig. 26. 
bridge balance); 


drop to zero. Making use of this condition (of 
find the resistance being measured. 

26.7. What is the condition for the error in me 
tance on a Wheatstone bridge to be 


asuring resis- 
it be achieved? 


a minimum? How can 


26.8. A current of 100 A flows in a coni 


cal copper cond r 
with dimensions as shown in Fig. 26.8. Find th ucto 
density and electric field 


© current 
end fa 
conductor. 


intensity at the Ces of the 
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26.9. When you have learned to integrate find the resis- 
tance of the conductor of the previous problem and the 
voltage across it. 

26.10. The e.m.f. of one accumulator is e, its internal re- 
sistance is r. Find the e.m.f. € and the internal resistance 


E E 
$ E 
" T 
S Q 
1 
ЕЯ 
1=20тт 
Fig. 26.6. Еіс. 26.8. 


Д; of a battery of n accumulators connected (Fig. 26.10): 

(a) in series; 

(b) in parallel; 

(c) іп m series-connected groups of k accumulators, m < л, 
k = піт, where the accumulators are connected in parallel. 
26.11. 200 alkaline accumulators are to be charged by a 
dynamo generating a voltage of 230 V. The e.m.f. of each 


(a) ваа 


T 


(5) 


EHHE 


accumulator is 1.4 V, the internal resistance 0.01 ohm, the 
charging current 30 A. Suggest the circuit diagram and cal- 
culate the resistance of the rheostat 

26.12. A power supply with an e.m.f. € and internal resi- 


БЫ 
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Problems 


stance r is connected to 


ds e 
a variable resistance R. Find th 
dependence of the lotal p 


n 
ower generated by the supply n 
ў 9 the external circuit on the 
resistance. 


: p er 
26.13. Determine the load resistance for which the pow 


" ра f ce 
delivered to the circuit is a maximum. Graph the dependen 
of the power on the load resistance. 


quired to convert a galvanometer with a ve 
sitivity of 3.0 x 40-1 A per scale division into a multimeter: 
à voltmeter for Voltages of 10 V, 100 V and 1000 V and it 
ammeter for currents of 100 mA and 5 A. Draw the ошо » 
diagram and calculate the resistor block. The scale compris 
es 50 divisions. be 
26.16. How many 220 V bulbs of 300 W power each may d 
installed in a building, if the mains voltage is 235 V А8. 
the wiring is done using aluminium wire of 6 mm Bam 
he power line is a two-wire line, and the distance from the 
mains terminal to the building is 100 m. 
26.17. A hot plate with regulated power is designed for à 
Voltage of 290 V and 


has two spiral heater elements of 
0 ohm and 60 ohm resist. 


ance, respectively. Devise a cir- 
cuit diagram which would 


enable the plate to operate at 
three power-outputs: of 400 W, 800 W and 1200 W. 
26.18. Calculate the length of a nichro 


tric hot plate capable of heating 21 of 
point in 8 min. The initial lemperature of water is 20 °C, 
the efficiency is 60%, the diameter of the wire is 0.8 mm, 
the voltage is 220 V, the istivi of nichrome is 
10-* ohm-m. Neglect the heat required to heat the kettle. 
ductor of 40 ohm resistance 


25 A in 10 s. How much heat 
ime? Solve th 


alculation; (b) i 
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26.21. The voltage stabilizer S is a device whose idealized 
characteristic is depicted in Fig. 26.21. The voltage stabilizer 
is connected in series with a normal resistor 7? to the power 
supply whose e.m.f. is @. Neglecting the internal resistance 
of the power supply find the current in the circuit and the 
voltage drop across the voltage stabilizer and the resistor. 


0 yo # 


Fig. 26.21. Fig. 26.22. 


26.22. Barretter В is a conductor whose idealized character- 
istic is shown in Fig. 26.22. The barretter is connected in 
series with a resistor of resistance R toa power supply of 
e.m.f. 6. Find the current in the circuit and the voltage drop 
across the barretter and the resistor. Neglect the internal 
resistance of the power supply. 


27. A Magnetic Field in a Vacuum 


27.1. Here's another paradox from the theory of relativity. 
Let a spring be perpendicular to the speed of the reference 
frame. Acted upon by the force Fọthe spring extends by a 
length lọ =F ọ/k. As is well known, transition from one 
reference frame io another leaves the lateral dimensions 
unaltered (see Problem 6.1), therefore / = ly. Isn't this 
in contradiction with the fact that as a result of such a 
transition the lateral force changes in accordance with the 
law F = Fy) V1 — we? 

27.2. A proton beam in an accelerator moves at a speed of 
0.990c relative to the accelerator. Compare the force of in- 
teraction between the protons with the Coulomb force. 


Problems 


mm away from its centre, 
27.5. A long solenoid is made b 
Wire of diameter q 


"^ ns; OF 
у closely winding turns 
he wire c 


E 
c (together with insulation) (Fig. 27.5). 
arries a current i, Find the magnetic field induc 


Fig. 27.5, 


tion іп the centre О and on the end A of the solenoid. Carry 
out the calculation for d = 0.41 mm, і = 5А 
27.6. Helmholtz 


the distance 
ius, 
Component of the E 
field is 16 A/m. Calculate ihe dimensions of the Helmholtz 
coils designed to compensate the Earth’s Magnetic field, if 
the current in a coil is 200 mA and the number of turns in 
each winding is 50. ‘ 
27.8. A thin ring of 10 
tributed charge. The rin 
1200 r.p.m. about its axi 
ring perpendicul 


arth’s magnetic 
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the ring, if the magnetic field induction in its centre is 
3.8 x 107? T. . 

27.9. A surface charge density of 107? C/m? has been creat- 
ed by friction on a glass disk of A = 5 mm thickness and 
В = 50 mm radius. The disk rotates at 1.6 r.p.s. Find the 
magnetic field intensity at the centre of the disk. 

When you have learned to integrate, find the magnetic 

moment and the ratio of the magnetic moment to the angular 
momentum. 
27.10. A magnetic field is established by a circular current 
i of radius a. Find the magnetic field gradient (i.e. the de- 
rivative of the magnetic field induction vector) in the di- 
rection of the circular current's axis at a point whose dis- 
tance from the centre of the turn is x. 


28. Charges and Currents in a Magnetic Field 


28.1. An alpha-particle moves in a uniform magnetic field 
with an induction of 1.2 tesla (T) in a circle of 49 cm radius 
in the plane perpendicular to the lines of force. Find the 
speed and the kinetic energy of the particle. 

28.2. Solve Problem 28.1 for a muon. What are its speed and 
kinetic energy? 

28.3. А charged particle moving in a uniform magnetic 
field penetrates a layer of lead and thereby loses one half 
of its kinetic energy. How does the radius of curvature of 
its path change? Carry out calculations for both a relativ- 
istic and a nonrelativistic particle. 

28.4. Find the period of revolution of an electron having 
а kinetic energy of 1.5 MeV in a magnetic field with induc- 
lion 0.02 T. The electron moves in a plane perpendicular to 
the lines of force. 

28.5. An electron accelerated in an electric field of 20 kV 
enters a uniform magnetic field with induction 0.1 T. Its 
velocity vector makes an angle of 75? with the magnetic 
field vector. Find the shape of the path. 

28.6. Show that it makes little sense placing the dees of 
a cyclotron into a uniform magnetic field. Specify a rational 
shape of the pole pieces capable of focusing a particle beam 
in the centre of tlie dees. 


72 Problems 
Brooms 


za T „Ta 
28.7. The electron beam in the device- shown in Hd er 
is deflected upwards by a transverse magnetic fie 66.0 
eld is effective along a length Z = 20 mm, the sg oe 
the deflection system from the screen being L = Pp. v. 
he magnetic induction is 10-3 T, the anode voltage is 5 
Find the deflection of the 
electron beam on the Screen. 
28.8. What electric field 
Should be set up inthe de- 
vice discussed in the pre- 
vious problem to return the 
electrons to the centre of 
the screen? 
28.9. In the Dubna heavy- 
ion cyclotron neon ions are 


is 
accelerated to an energy of 100 MeV. The diameter of the dees} 
310 em, the magnetic field in i 


the accelerating 
ionization of a neon 
of an ion in the proce: 
of the change in polarity of th 
28.10. The di 
chrotron is 472 m. The protons enter the accelerating chan" 
ber with an energy of 100 MeV 


of 76.5 GeV. Find the initial an 


tion in the gap and the acceler 
28.11. A uniform ele 


d the final magnetic indue 


: ating field frequencies. “a 
сігіс field of 4 MV/m and a unifort 


ed action of both fi t is the 
velocity of the particles? helds. Wha 
Can the charge of the particle and its Sign be determined 
in this experiment? 


28.12. The velocity filter of a mass spectrometer employs an 
electric field strength of 4.0 > 10° V/m and a perpendicular 
magnetic induction of 2.0 x 10-2 T The Cw ondin tha 
deflecting uniform magnetic field which is Perpendicular to 
the beam is 9.0 X 10-2 T. Ions 


with similar char d 
"ges ап 
with mass numbers 20 and 99 pass through the filter and 
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make a 180° turn in the deflecting field (Fig. 28.12). What 


D distance between the points S, and 55? 
the di n the Bainbridge mass spectrometer (Fig. 28.13) 
the Cui between the velocity filter (selector) exit and 
sek nirance slit of the detecting device (collector slit) is 
oth and equal to 1 = 400 mm. The magnetic induction in 
5.00 Sections of the device is the same, being equal to 

.00 x 10-2 T. When the electric field in the velocity filter 


ed 

sh $, 9; урл 
Velocity TO A к= t == collector 
ilter Velocity 

futte: 
Fig. 28.12. Fig. 28.13. 
2 big continuously the anode current peaks are observed 
leld strengths of 4.90 x 10+ V/m and 4.60 x 10! V/m. 

maiming the ions to be singly charged, identify them (i.e. 
28 the element to which they belong). 

14. The moving coil of a galvanometer 4 cm long and 


1.5 em wide, made of 200 turns of thin wire, works in a 
4 T. The plane of the 


magnetic field with induction of 0. t 
Coil is parallel to lines of induction. Find the torque acting 
on the coil when a current of 1 mA flows in Ths 
28.15. The moving coil of a galvanometer made of 200 turns 


of thin wire is suspended from an elastic thread. The area 
tion with the lines 


of the coil is 1 cm’, it coincid 
of induction of a magnetic fie ith induction of 15 mT. 
When the current of 5. i ı the coil it 
turns through 15*. By what angle will the coil turn with 
& current of 7.5 pA? What is the torsion modulus of the 
thread? 
28.16. Find the force of interaction between two current- 
carrying coils, istance between the centres of which is 
much greater than their linear dimensions (Fig. 28.16). 
28.17. The parameters of two small identical current- 
follows: the radius of winding is 20 mm 


carrying coils are as 
the number of turns is 10°, the current is 0.5 A, the distance 
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| ; tion 
between the coils is 300 mm. What is the force of interac 
between the coils? 


; etic 
28.18. Suppose that an electric charge moves in a magn 


) З jon. 
field in a plane Perpendicular to the lines of inducti 
Prove that the orbital mag- 


netic moment of the circu- a 


lating charge is directed ————------- -T 
against the field. 


28.19. “Magnetic mirror” з е^ y 
the term for the region of 
the magnetic field in which 
there is an intense concent- 


d 
ration of lines of induction (Fig. 28.19а). Suppose a charge 


: а ligure. 
particle approaches a magnetic mirror,asshown in the figu 
What will happen to it? 


А ni- 
-20. Prove that a charged particle entering a О не 
form magnetic field experiences specular reflection, i 
Speed is below som 


e limiting " Е " 
value (the "magnetic mirror" 


principle, Fig. 28.20). Find the 
kinetic energy of the electrons 
which experience Specular reflec- 


Fig. 28.16. 


tion, if the electron beam is 
1 $ В 
Fig. 28.193. Fig. 28.90, 
perpendicular to the "magnetic mirror", The magnet- 
ic field with an induction В — 0.4 


: -* + Is established in a large 
region, the thickness of the “magnetic mirror" is d — 10 cm- 
29. Magnetic Materials 

29.1. A bismuth ball of 5 mm radius is placed inam 
field with an induction 9 X 1075 т. at is tho ү 
moment of the ball? What is its direction? The magnetic 
susceptibility of bismuth is Xm = — 1.76 x 10-4. 


nagnetic 
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29.2. Solve a similar problem for the case of a tungsten ball. 
The magnetic susceptibility of tungsten is Xm = 1.76 X 
29.3. The magnetic moment of a gadolinium atom is 
7.95 Ив (ив is the Bohr magneton). Gadolinium crystallizes 
in a face-centered cubic lattice with lattice constant of 
3.2 A. Find the saturation magnetization. Take into account 
that an elementary cell of a face-centered lattice contains 
four atoms (see Problem 20.15). 
29.4. The temperature of a paramagnetic material is 30 °C, 
the atomic concentration is 10°? m-?, the atomic magnetic 
moment is two Bohr magnetons. Estimate by what number 
the number of atoms with magnetic moments oriented in 
the direction of the field exceeds the number of atoms with 
magnetic moments oriented against the field, if the field 
induction is 1.2 T. 

How will the result change, if the substance is cooled to 
the temperature of liquid nitrogen (—195.8 °C)? 
29.5. Find the magnetization of the substance under the 
conditions of the previous problem. 
29.6. Show, that it is impossible to explain the nature of 
| as on the basis of the interaction of magnetic 
ipoles. 
29.7. Estimate the energy of the exchange interaction of 
electron spin magnetic moments in iron domains. 
29.8. Calculate the deflection of the beam of atoms from its 
axis in the Stern-Gerlach experiment for the following para- 
meters of the apparatus: the length of pole pieces is 3.5¢em, 
the magnetic field gradient is of the order of 10° T/m. In 
the experiment silver atoms flying out of a “molecular oven” 
at a temperature of 730 °C were deflected. The projection of 
the magnetic moment of a silver atom on the direction of 
the magnetic induction vector is equal to a Bohr magneton. 
29.9. The initial magnetization curve of technically pure 
iron is shown in Fig. 29.9a. Making use of the graph find the 
magnetic permeabilities of this material at magnetic fields 
strength of: 50 A/m; 75 A/m; 100 A/m; 200 A/m; 500 A/m; 
1000 A/m; 1500 A/m. 

Plot the graph of the dependence of the magnetic permeabili- 
ty on the magnetic field. Making use of the graph estimate 
the field at which the magnetic permeability isat its max- 


А ter: 
imum (umas), and the a roximate value of the lat! $ 
29.10. Table 29.10 gives рен ies of some of the point? 
of the asymptotic hysteresis cycle of a ferromagnetic cale 
terial. Plot the hysteresis loop. (The recommended § er- 
is 10 mm = 100 A/m and 10 mn = Q 90 T.) Find the co 


1000 1500 Н, A/m 


civeforce and Saturation induction from the 1aph. Calculate 
А : А 5 аси. 3 

the saturation magnetization and remnant magnetization 

M,. 

29.11. For several practical applications 


the so-called 
"differential" magnetic permeability 


à SN ие апа пої 
the usual magnetic permeability B= Blu is the para- 


ve of the field induc- 


UB . ; 
meter of interest. Here ag iS the derivati 
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Table 29.10 


Magnetic induction Magnetic induction 
fold aeetis Ba усы В f ТЕЛА - 

Strength x eld streng ТӨ ҮНӨ, 
ла ER of pranen of ВЕ branch of branch of 
the loop the loop the loop the loop 

0 —0.23 0.23 500 0.92 1.15 

100 0 0.46 600 1.10 1.19 

200 0.23 0.69 700 1.20 1.24 

300 0.46 0.92 800 1.26 1.26 

400 0.69 1.08 


tion with respect to the field intensity, i.e. the slope of the 
graph in Fig. 29.9a. For the purpose of practical calcula- 
tions one can assume к= x a , where AB and AH are 
0 
Chosen so small that the respective segment of the graph 
may be regarded as a straight line. Find the approximate 
values of the differential magnetic permeability for the same 
values of the magnetic field strength as in Problem 29.9. 


30. Electromagnetic Induction 


30.1. A plane with a wing span of 18 m flies horizontally at 
a speed of 800 km/h. The vertical component of the Earth's 
magnetic field strength is about 40 A/m. Find the voltage 
across the tips of the wings. 

Will a light bulb connected to the wing tips glow? 
30.2. A conductor of length Г and mass m can slide without 
friction, but with an ideal electrical contact, along two ver- 
tical conductors AB and CD connected through a capacitor 
(Fig. 30.2). Perpendicular to the plane of the figure a uni- 
form magnetic field of induction В is set up. Find the voltage 
across the capacitor plates as a function of k. 
30.3. What will be the motion of the conductor of the pre- 
vious problem, if a resistor of resistance R is connected into 
the circuit instead of the capacitor? Neglect the resistance of 
the conductors. 
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30.4. A rod of length 115 perpendicular to the lines of "p 
tion of a uniform magnetic field of induction В. The m ugh 
Volves at an angular speed œ about an axis passing thro 
the rod’s end parallel to the lines of 

induction. Find the voltage across А С 

the rod's ends, 

30.5. The length of the conductor in 

the diagram shown in Fig. 30.5 is 1 = 

— 20 em, its speed is v = 1 m/s and H 
the resistance of the bulb is R —4 H 
ohm. A magnetic field with induction 


B D 
make it move at the Speed specified? 

30.6. A horizontal flat coil of radius Fig. 30.2 
a made of w turns of Wire carrying a 


© ring is dropped What e.m.f. wi 
е established in it? Express 
the e.m.f. in terms of the speed. Е 


30.7. А magnet was inserted T 
into a wire ring connected to 


Fig. 305, Fig. 30.6. 


a ballistic galvanometer of 30 ohm Tesistance, this causing 
a 20 division deflection of the galvanometer’s pointer, What 
magnetic flux passes through the Pole piece of the magnet, 
if the galvanometer constant is З X 1075 C/div? Neglect the 
resistance of the ring and of the leads, 

30.8. To find the magnetic field ind i 


tween the pole pieces of an electromagnet, 
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area made of 50 turns of thin wire connected to a ballistic 

galvanometer of 100 ohm resistance with a constant of 

2 х 10-5 C/div is inserted into it. When the coil is withdrawn 

from the field, the galvanometer pointer moves 20 divisions. 

What is the field induction? 

30.9. A ring is made from a dielectric with polar molecules. 

What will happen to the dielectric, if a magnet is inserted 

into it? 

30.10. A flat circular coil of 10 cm radius has 200 turns of 

wire. The coil is connected to a capacitor of 20 uF and placed 

in a uniform magnetic field whose in- 

duction decreases al a constant rate 

of 107? T/s. Find the capacitor’s charge. 

The plane ofthe coil is perpendic- 

Шаг {о the lines of induction of the 

field. 

30.11. An electric motor works from | 

an accumulator battery with an e.m.f. | 
| 


of 12 V. With the rotor stalled the 


current in Ше circuit is 10 A. What is | 
the motor's power at nominal load, if 4g 
the respective current is 3 A? 

30.12. 1200 turns of copper wire are 


wound onto a cardboard cylinder 60cm 
long and 5 cm diameter. What is the Fig. 3044. 
inductance of the coil? 

30.13. A current of 50 mA flows in the coil of the previous 
problem. When the current is switched off it vanishes after 
a time of 107! s. Supposing the current to decrease linearly, 
find the e.m.f. of self-induction. 

30.14. A core with the shape and dimensions in millimeters 
shown in Fig. 30.14 has been manufactured of a ferromagnet- 
ie material whose magnetization curve is shown in Fig. 29.9a 
(p. 76). One layer of wire of 0.6 mm diameter (including 
insulation) was closely wound on the core. Find the induc- 
tance of the coil for a current of 2C0 mA flowing in it. Find 
the energy of the magnetic field and the energy density. 
30.15. What would be the energy of the magnetic field of 
the coil of the previous problem, if its core were of a non- 
ferromagnetic material? What is the source of excess energy 
in the case of a ferromagnetic core? 
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n magne- 
tized to saturation? What force will 
Temain active after the current is 


switched off? 
30.17. A bulb with 1 


is connected to an accumulator in se- 
ties with a choke. Estimate the in- 
ductance of the choke, if the bulb 


Starts to burn brightly 2 


-9 S after the 
circuit has been closed. > 
30.18. When you have learned to in- ? 
tegrate, try to anal 


shorting a circuit made up of a coil Fig. 30.16. 
and a resistor Connected to а 


А е 
supply with Constant e.m.f., i.e, the dependence of th 


current on time. Assume the coil to be without a ferromag 
netic core. 


30.19. What time does it take for the current in a einai 
made ip of a coil and а resistor to reach 0.9 of its stationar 

value? 

30.20. According to the formula obtained in Problem 30.18 
the stationary value of the current can be reached only afte 

infinite time. How ca 


n this be made 
that actually the Stationary value is 
What are the limits in Which the fo 


lem 30.18 is applicable? 


N = 400 turns of Copper 
it is connected through à pair of Sliding co 
listic galvanometer (Fig. 31. 

H — 50 ohm. The coil is rotat 
n = 6000 r.p.m. and quickly br 
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passing through the galvanometer being Q = 1.1 х 107? C. 
Find the specific charge of the charge carriers in copper. 
31.2. A copper disk of rọ = 20 cm radius revolves in a 
vertical plane at 3000 r.p.m. One contact from a sensitive 
galvanometer is connected to the disk's axis, the other by 
means of a mercury contact to the outer 

edge of the disk (Fig. 31.2a). Find the * = 


voltage. о—@)—ә 
Will the galvanometer pointer point 

in another direction, if the direction of ez. 

rotation of the disk is changed? ci » 


The Earth's magnetic field is compen- 22 
sated. 
31.3. The dimensions of a copper plate 
are as shown in the diagram (Fig. 31.3). 
When the longitudinal voltage is Дд, а 
current i flows in the conductor. If a 
magnetic field with induction B perpen- 
dicular to the plate is established with 
the current still flowing, a Hall voltage 
of Aq, appears between the upper 
and the lower faces of the plate. Find — 
the concentration and the mobility of Fig. 31.1. 
conduction electrons in copper, if l = 
— 60 mm, A = 20 mm, d = 1.0 mm, Ag=0.51 mV, Agy= 
= 55 nV, i = 10А, В = 0.1 Т. 
31.4. Calculate the Hall constant for silver knowing its 
density and atomic mass. 
31.5. The resistivity- of indium arsenide is 2.5 > 
X 10-3 ohm -m, its Hall constant is 107? m?/C. Assuming th 
conductivity to be due to carriers of one sign only, find the 
concentration and the mobility of the charge carriers. Com- 
pare with Problem 31.3. 
31.6. The safe current in an insulated aluminium wire of 
1 mm? cross section is 8 A. Find the average drift velocity 
of the conduction electrons. 
31.7. Find the mean free transit time and the mean free path 
of the electrons in copper (at room temperature). 
31.8. The constant of a constantan-copper thermocouple 
is 4.3 X 10-2 mV/K. The resistance of the thermocouple is 
0.5 ohm, that of the galvanometer 100 ohm. One junction 


n-0465 
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of the thermocouple is i 
in a hot liquid. What i 
the circuit is 56 uA? 

31.9. The constant of 
perature of its cold j 


mmersed in melting ice, the ane 
S its temperature if the current 


a thermocouple is 7.6 uV/K, the pat 
unction is —80 °С (dry ice), and that 


, 


1 


Fig. 31.3, 


of the hot 327 °С (molten lead). What ch 
the thermocouple, if the h 

heat equal to one joul 
is 20%. 

31.10. The Debye temperature for Silver is 213 K, the lat- 
tice constant is 2 A. Fing the velocity of sound. 

31.11. Find the heat flux through a Copper plate 5 ст thick. 
if a temperature difference of 100 K 


Fig. 31.2a. 


arge will flow through 
ot junction absorbs quantity O 
е? The efficiency of the thermocouple 


i * is maintained between 
its ends. 

31.12. The dimensions of a brick wall of a living room are: 
thickness 40 em, width 5 


of 20°C is maintaine 
outside being —45 °С, How 
wall in 24 hours? 

31.13. Find the mean free path of ph 
chloride. T 

31.14. Find the heat vi i 
" nue A (90 “Су ty of silver and of mercury 


9nons in carbon tetra- 


32. Electric Conductivity of Electrolytes 


32.1. Find the dissociation coefficien 
sium chloride solution with 
if the resistivity of th 
X 107? ohm-m. The m 


t of an aqueous potas- 
-` a Concentration of 0.1 g/em?, 
Is solution at 4g LE 7.36 х 
obility of the potassium ions is 
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6.7 x 10-8 m?/(V.s), that of the chlorine ions 6.8 x 
X 10-8 m?/(V.s). 

32.2. Find the thickness of a nickel layer deposited on an 
article with surface area of 1200 cm? in the course of a 6-hour 
electrolysis at a current of 10.5 А. 

32.3. How much copper will be deposited from a vitriol 
solution in 3 minutes, if the current through the electrolyte 
changes in accordance with the law i = 6 — 0.031? АП 
quantities are expressed in the SI system. 

32.4. An electrolytic bath containing a vitriol solution is 
Connected to a d.c. power supply with an e.m.f. of 4 V and 
an internal resistance of 0.1 ohm. The resistance of the solu- 
tion is 0.5 ohm, the polarization e.m.f. is 1.5 V. How much 
copper will be deposited in one hour? 

32.5. Find the minimum e.m.f. of the power supply at 
which the electrolysis of acidified water can take place, if 
the combustion of 1 g of hydrogen liberates 1.45 X 10? kJ. 
32.6. A 10 uF capacitor is charged to a voltage of 600 V. 
Suppose it is discharged through an electrolytic bath con- 
taining acidified water. How much hydrogen will be libe- 
rated? What energy can be gained by burning this hydrogen? 
How can it be made consistent with the energy conserva- 
tion law? 

32.7. What energy should be spent to fill a balloon with a 
lifting force of 3000 N with hydrogen under normal condi- 
lions? How much willit cost at the price of 4 copecks per 
kW-h? Ignore the heating of the solution in the course of 
electrolysis. 


33. Electric Current in a Vacuum and in Gases 


33.1. Find the saturation current in a diode with a tungsten 
cathode at cathode temperature of 2700 K, if the length of 
the cathode filament is 3 cm and its diameter is 0.1 mm. The 
constant B = 6 x 10° A/(m?K?). 

33.2. How will the saturation current in a diode with a 
caesium-coated tungsten cathode change, if the cathode tem- 
perature is raised from 1000 K to 1200 K? 

33.3. In modern diodes the anode is often brought very close 
to the cathode so that their areas are approximately equal. 
Assuming the electrons to leave the cathode with zero velo- 


6* 
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city find the force with which they act on the anode. To 
current in the tube is hat = 500 mA, the anode voltage i 
Pa = 600 V. 

33.4. Compare the emissi 


vities of a caesium-coated tungsten 
cathode at 1000 K and t 


t 
hat of a pure tungsten cathode а 


360 
330 
300 
270 
240 
210 


10 20 Ug ,V 


chardson-Dush- 
hodes. 


Characteristic and its amplification factor 


» Le. the ratio 
of the change in the anode voltage to the change in the grid 
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voltage which causes a given change in the anode current. 
33.6. Inside an ionization chamber there are two planar 
electrodes of 300 cm? area, 2 cm apart. The chamber is 
filled svith air under normal conditions. At a voltage of 
200 V the current is equal to 1.8 pA which is far below the 
Saturation value. 

Find the ion concentration and the ionization 
coefficient of air. The mobilities of the ions are: 
b, = 1.37 x 10-4 m%/(V-s), b. = 1.89 X 107 m?/(V- s). 
33.7. Oxygen is ionized by gamma-radiation, the ion con- 
centration being 101° 7°. Find the conductivity of the gas 
in these conditions. The ion mobilities are: b, = 1.92 X 
X 1071 m2/(V-s), b. = 1.81 X 107* m*/(V. s). 

33.8. What changes in the current in the range below sat- 
uration will take place, if the electrodes of an ionization 
chamber are brought closer? How will the saturation current 
change? Plot the current-voltage characteristics for some 
inter-electrode distance d, and for d, < dı. Assume the other 
parameters to remain constant. 

33.9. The saturation current in an ionization chamber of 
0.5 1 capacity is 0.02 uA. Find the ion generation rate per 
Second. 

33.10. The ionization energy of a hydrogen atom is ёо = 
— 13.6 eV. Yet the ionization of hydrogen atoms is observed 
at temperatures for which the average kinetic energy is 
much less. How can this fact be explained? 

33.11. A high-temperature hydrogen plasma with a tempera- 
ture of 10? K is placed in a magnetic field with induction 
of 0.1 T. Find the cyclotron radii of the ions and electrons 
(i.e. the radii of the orbits in which the positive ions and 
ihe electrons move). 

33.12. Mercury flows at a speed of 20 cm/s in a pipe with 
conducting walls of 5 cm diameter. The pipe is in the gap 
between the pole pieces of an electromagnet, the magnetic 
field in the gap having induction of 0.6 T. Will the magnetic 
field affect the hydraulic friction coefficient? The conductiv- 
ity of mercury is 109? ohm-! - m^. 

33.13. Estimate the effect of the magnetic field in the con- 
ditions of the previous problem. if a 3096 solution of sulphur- 
ic acid flows in the pipe. The conductivity of the solution is 
ТА ohm™ -m-!, 
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33.14. Estimate 


Compare it with the pressur 
Problem 16.9). 


Part Six 


VIBRATIONS AND WAVES 


34. Harmonic Vibrations 


34.1. Harmonic vibrations comply to the law 
s = 0.20 cos (300¢ +2) 
the frequency, the period and the 
* 
{ 0.2 kg moves according to 


, Find the amplitude, 
initial phase of the vibrations 
34.2. A particle with a mass o 
the law 


s= 0.08 cos (2020 +) 


Find the velocity of the particle, its acceleration and the 
Mo force, as well as the amplitudes of the respective quan- 
les. 

PA In the conditions of the previous problem find the 
kinetic, the potential and the total energy of the oscillator. 
34.4. In conditions of the previous problem find the fre- 
quency and the period of the variation of kinetic energy. 
34.5. A particle vibrates harmonically at a frequency of 
0.5 Hz. At the initial moment it is in an equilibrium posi- 
tion moving at a speed of 20 cm/s. Write down the equation 
of the vibrations. 

34.6. At the initial moment a particle's displacement is 
4.3 cm and its velocity is —3.2 m/s. The particle’s mass 
is 4 kg and its total energy 79.5 J. Write down the equation 


* 
— Here and below the units used are the SI units, i.e. the displace- 
ЕА plitude is expressed in meters, the time in seconds, the 
У in hertz, the phase in radians. 


88 Problems 


the 
of the vibrations and find the distance travelled by 
particle in 0.4 gs. ing 
34.7. Add up two vibratory motions analytically and us 

а vector diagram: 


5, — 9 sin (6 4- 2-) апі  s,— 4 sin (в, —--) 
Find the amplitude of the у 


34.8. Find the Tesulting a 
tions 


s ibrations- 
elocity of the resulting vibra ar 
mplitude and phase of the v 


S= А соз ot 4-A cos foi.) CE du ee 


1 os) 
£ t 

+- cos (o 2 

9 vibratory motions: 

51 = cos 4999s; and S2 = cos 5001 


З —PÓ 
Find the Deriod of beat and the "conventional period 
the almost Sinusoidal vibrations, 


34.10. A Particle oscillates according to the law 


S = 4 (cos? 0.5t) (sin 10002) 
Expand this motion 
Spectrum, 


34.11. A Particle vibrates 


34.9. Beats result from tw 


s 


A " А jts 
into a harmonics Series and plot 


according to the law 
s = (1 + cos?z + sin! t) sin 5001 
Expand this motion into its harmonic components and plot 
its spectrum. 
34.12. A particle oscillates according to the law 
s = (1 + cos? tt cost t) sin 500¢ 
Expand this motion i 
its spectrum. 


35. Free Vibrations 


35.1. A weight of mass m is attached to a spring hanging 
vertically, which causes ап extensj А ubsequently the 
weight is pulled down a little anq let go. What is the natural 
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t of 3.0 cm radius submerged 
g whose elasticity coefficient 
g. 35.2). Find the 
its Q-factor 
ally damp 


35.2. A spherical copper weigh 
in olive oil hangs from a sprin 
(force constant) is 1.0 x 10° N/m (Fi 
natural frequency of the oscillatory system, 
es the time the oscillations will take to practic 
35.3. A weight of mass 1 kg 
à force constant of 20 N/m is ab 


attached to a spring with 
le to oscillate on a horizontal 


2 


Fig. 35.2. Fig. 35.3. 


Steel rod (Fig. 35.3). The initial displacement from the posi- 
tion of equilibrium is 30 cm. Find how many swings the 
Weight will make before stopping completely. One swing 
is the movement from maximum displacement to the equi- 
librium position (or back). For numerical calculation put 
g — 10 m/s? and coefficient of friction и = 0.05. 

35.4. A piston of mass m divides a cylinder containing 
gas into two equal parts. Suppose the piston is displaced 
to the left to a distance x and let go (Fig. 35.4). Assuming 
the process to take place at a constant temperature, find 
the frequency of the piston's oscillations. 

35.5. Solve Problem 35.4 assuming that the process is 
adiabatic. 

35.6. Mercury fills a glass tube (Fig. 35.6) so that the total 
column is 20 cm long. The tube is then rocked, so that the 
mercury begins to oscillate. Find the frequency and the 


period of the vibrations. 
35.7. A block of solid oak with dimensions 10 cm x 20 cem x 20 
The block is submerged 


cm floats in water (Fig. 39.7). 
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а little and let 
vibrations. я face. 
35.8. A pendulum clock is accurate on the Earth's th floor 
How slow will it be, if it is lifted to the hundredth 

of a sky-scraper? The height of a storey is 3 m. 


Я ; ta- 
35.9. The period of a pendulum whose suspension > will 
tionary relative to the Earth’s Surface is 1.50 s. Wha 


" of 
go. Find the frequency and the period 


аъалаа 


—— 22 
Ems 
a diz ——] 
Fig. 35.4. Fig. 35.0. 


its period be, if it is placed in a саг moving horizontally 
with an acceleration of 4.9 m/s? What will be the chang 
in the pendulum's angle of 

equilibrium? 

5.10. A mathematical pen- 
dulum 1 m long is d 


eflected 
from the vertical by an angle 
of 40° and let go. Find the 


period of oscillations 
numerical methods. 
What will be the error, if in 
this case we use the formula 
for small oscillations? 
35.11. The period ofa simple 
pendulum for large deflection angles may be determined 
from the approximate formula 


T-—2m VY i( 


1 iint 96 
1+ sin? 0 ) 


Compare with the result 


of numerical calcul 
previous problem. 


ations for the 
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35.12. A uniform rod of length ? oscillates about an axis 
passing through its end. Find the oscillation period and the 
reduced length of this pendulum. 

35.13. A physical pendulum shown in Fig. 35.18 is made 
Б of a rod 60 em long with mass 0.50 kg and a disk of 
:0 ст radius with mass 0.60 kg. Find the pe- 

пой of this pendulum. 

5.14. An oscillatory circuit is made up of a 100 

ИНЕ capacitor and a 64 uH coil with resistance 

of 1.0 ohm. Find the natural frequency, the pe- 


сЕ of oscillations and the Q-factor of the сіг- | 
it. 
36. Forced Vibrations. Alternating Current 
Звы, An iron ball of 0.8 kg mass hangs on а 

КЕШЕ, with a force constant of 10? N/m. An al- 

ernating magnetic field acts on the ball with a 
Sinusoidal force whose amplitude is 2.0 N. The 

actor of the system is 30. Find the amplitude Fig. 35. 13. 
of forced vibrations for o = @o/2, © = 9» 0 = 

= 200. 

36.2. Plot the resonance curve for 
velocity in the previous problem. 


36.3. A weight of 0.5 kg mass is suspended from a spring, 
Causing it to extend by 5 mm. When the system is dis- 


perci E 


the amplitude of the 


dot Tsp Tgash 
Fig. 36.4. 
and then set free, its 


. Find the amplitude 
appen in the case of 


placed from its equilibrium position 

natural vibrations continue for 3.5 8 

of the system at resonance. What will h 

resonance? 

ный mum receiver receives radio telegraph signals in 

um des e in the form of sinusoidal wave packets (Fig. 36.4). 
uctance of the circuit is 100 pH, the capacitance 
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РЕ | 
is 250 uF and the resistance is0.2 ohm. Find the ipi 
between the impulses Tsp needed to prevent two adj 
Signals from merging. = 

Assuming the duration of the "dot" signal to be Tae" he 
= 1.5", and that of the “dash” Tdash = 4.5Tsp fin itte 
maximum amount of information that can be transm 
per. unit time, ce 
36.5. Derive the expression for the inductive ep 
and for the phase shift in ап а.с. circuit containing à 
OÍ zero resistance. 

36.6. Derive the expression for the 
Capacitive reactance and for the phase 
Shift in ап a.c. circuit containing a 
capacitor, 

36.7. Plot a vector diagram for a cir- 
cuit containing a coi] and a resistor 
Connected in series, and find the im- "hos 
pedence of this Circuit. Find the Fig. 30.112. 
phase shift, | soa with 
36.8. Do the same for a capacitor connected in series 

a resistor. 

36.9. Do the s 


with a resistor. 


e à minimum? What is the 
and the current in general, 
and at resonance? 
36.12. The capacitance in the circuit shown in Fig. 36.11a 
is 20 ЦЕ, the inductance is 0.2 H and the resistance is 5 ohm. 
What power is consumed in this Circuit, if the voltage 
at its terminals is x = 312 cos 3142? 
the circuit with parameters 
as specified in the previous problem when the current in 
the unbranched section of the Circuit is a minimum? What 
power will be consumed, if the voltage amplitude remains 
the same? 
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RUN Prove that an electrodynamic wattmeter measures 
36 үз power P = JU cos ọ in an а.с. circuit. 

19 ə. The reading of the wattmeter on a panel is power 
th kW. The reading of the voltmeter is voltage 380 V, of 
пе ammeter, current 36 А. What is the phase shift in the 
circuit? What are the impedance and the ohmic resistance 
of the load? 

36.16. The starting voltage of a neon glow lamp is 80 V, 

he quenching potential is 70 V. A voltmeter in an a.c. 
inum measures a voltage of 60 V. Will 
3 е lamp glow in this circuit? 

6.17. The breakdown voltage indicated 
OD acapacitoris 300 V. Can it be used 
E: à 220 V a.c. circuit? 

36.18. А two-wire power line transmits 

100 MW power. Its power factor is 0.87 
and its resistance 8 ohm. What is the 
transmission voltage, if the power loss 
is 2%? 

36.19. Тһе primary of an arc welding 
transformer has 120 turns of wire of 20 mm? 
cross section; its resistance is 8 X 40r? 


ohm. The current at nominal load is 40 A. | 
low many turns arethere in the secondary and what is the 


cross section of the wire in the secondary, if the transforma- 
tion ratio is k=220/60? 

Assuming the windings to be of a single-layer type, find 
the resistance of the secondary. 

Neglecting losses due to magnetic reversal and Foucault 
currents (i.e, losses in the steel core), find the power loss 
due to the heating of the windings and the efficiency of 
the transformer. The transformer power rating is 8 kW. 
36.20. Show that the “losses in the steel core” are practically 
equal to the open-circuit power consumption of the transformer. 
36.21. Explain, why a copper ring “floats” in air when 
an a.c. current is supplied to the winding (Fig. 36.21). 
36.22. The primary of a transformer is at a voltage of 
220 V drawing a current of 1.5 A. The secondary feeds an 
incandescent lamp with a current of 20 A at a voltage of 12 V. 
The transformer’s efficiency is 91%. Find the power 
factor at this load. : 
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37. Elastic Waves 


А ot- 
37.1. Compare the velocity of Sound in a gas with s ing 
mean-square velocity of its molecules. Do the calcula 
for a diatomic gas. 0? m/s 
37.2. The sound velocity in a duralumin rod is 5.1 X | Fin 
While the density of the material [c 2.7 x 10% kg/m’. 
the Young modulus, 


und 
3. An observer at à distance of 800 m from а 50 
Source heard first the sound si 


: in- 
37.5. A wave with a frequency of 440 Hz travels in a су 
drical tube Containing air, litude 
X 107? W/m?. Find tho energy density and the ampli гё? 
of oscillations, if the air temperature is 27 °С and its р 
Sure is 780 mmHg. т aves 
7.6. A sound source of small dimensions radiates w the 
at frequency of 500 Hz. The power of the source is 5 W, Pa. 
air temperature is 0 °С, the pressure is 1.01 x ew m 
What are the amplitudes of the sound wave 10 m and 
away from the source? Neglect attenuation. in 
- Compare the intensity levels of the Sound wave 
the previous problem. he 
37.8. The intensity of a sound wave 20 m away from t 
Sound source is 3.0 nW/m?. Find the intensity of the wave 


32 m away from the source, if the half-thickness for soun 
of this frequency is 120 m. 


Compare the intensity levels. 
37.9. Find the relation between the lin 
ficient of sound wave H, and the half- 
37.10. Sound travels in a cylindrical 


ear absorption coef- 
thickness 7. 


37.11. Two tuning forks with natural fre 
move relative to a Stationary observer. О 
from the observer, while the other moves 


quencies of 340 Hz 
ne fork moves away 
towards him at the 
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Same speed. The observer hears beats of frequency 3 Hz. 
ind the speed of the tuning forks assuming the velocity of 
Sound in air to be 340 m/s. 
37.12. Two trains move towards each other at a speed of 
80 km/h relative to tho Earth's surface. One radiates a 
520 Hz signal. What frequency will the observer on the 
other train hear? 

How will this frequency change when the trains pass one 
another? 
37.13. The equation of a plane sound wave is 


s=6.0 x 10-9 cos (1900: +5 722) 


Find the irequency, the wavelength and the velocity of 
the wave. Compare the wavelength with the amplitude of the 
Oscillations and the wave velocity with the amplitude of 
the velocity of the oscillations. 
37.14. Under the conditions of the previous problem, find 
the distance between any two nearest points of the wave 
oscillating in opposite phase. What is the phase shift be- 
tween the oscillations of two points 37 cm apart in the direc- 
lion of the sound ray? 
37.15. Find the minimum and the maximum wavelengths 
of sound in air that a man is able to hear (see § 58.1). How 
will this range change, if the sound travels in water? 
37.16. A ceramic ultrasonic transducer is immersed in castor 
oil. What fraction of the energy is transmitted to the oil? 
he density of ceramic material is 2.8 X 10? kg/m?, the 
velocity of sound in it is 6.2 X 10? m/s. 
37.17. Solve Problem 37.16 for a magnetostrictive nickel 
transducer working in water. 
37.18. Why when operating in ultrasonic defectoscope is 
care always taken to see that there is a film of oil between 
the transducer and the part under inspection? 
37.19. An ultrasonic defectoscope operates at a frequency 
of 1.2 MHz and radiates pulses of the order of 60 periods of 
oscillations. What is the resolution of the instrument? We 
shall define resolution as the minimum distance of the defect 
from the part's surface which may be determined with 
the aid of the instrument. 
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38. Interference and Diffraction 


а {jum 
38.1. Prove that when a wave is reflected by a mec 
higher characteristic acoustic i 
displacement node i 


38.2. A quartz plate (the X-cut) 7 mm thick serves а 3, 


gen- 
erator? 


Will the transducer’s frequency change, 
if the air gap is filled with oil? 
38.3. A magnetostrictive transducer 
erates at a frequency of 25 kHz. Find the 
thickness of the pack of nickel 
of the transducer. 

4. An organ pipe 17 cm long open 
àt one end radiates a tone of 1.5 kHz 
at an air temperature of 16 °С. What 
harmonic is this? What is the funda- 
mental frequency of the oscillations? 
38.5. Two organ pipes closed at both 


ound in air the apparatus 
shown in Fig. 38.6 is used. A sound рр 
ot 120 КШ is placed close to the upper end of a narrow 
tube. By moving the left-hand vess 
the liquid in the narrow tube to change, Acoustic resonance 
is observed when the height of the air column is 6.8 cm, 20.6 
om and 348 em. Pind tho Velocity of sound and estimate 
the error of the value obtained. 
38.7. The transducer of an ultrasonic defectoscope of 49 mm 
diameter operates on a frequency of 1.2 MHz 
angular width of the principal КИШ 


action 
the ultrasonic wave travels in Cast. 


ӘП Maximum, if 
or oil? 
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38.8. What is the diameter of the transducer of an echo- 
Sounder operating on a frequency of 50 kHz in sea water, if 
the angular width of the principal maximum is about 60°? 


39. Electromagnetic Waves 


39.1. Find the wavelengths in air and in transformer oil, 
if the transmitter frequency is 60 MHz. 
39.2. Find the fundamental frequency radiated by a half- 
Wave antenna and the frequencies of the harmonics. 
39.3. A half-wave antenna 0.5 m long is immersed in ethyl 
alcohol. What is the wavelength of the electromagnetic 
Waves outside the vessel (in air)? 

‘4. A plane electromagnetic wave 


г, = 200 cos (6.28 x 10% + 4.552) 


is completely absorbed by the surface of an object perpendic- 
ular to the z-axis. In what medium does the wave propagate? 
hat pressure does it exert on the object? What energy 1s 
absorbed by 1 m? of the surface per second? | 
9.5. The current amplitude in а half-wave antenna is 
0.5 A. What is the radiation power? What is the equivalent 
resistance of this vibrator? For simplicity of calculations 
assume the current to be the same in every point. 
39.6. An electron bunch circulates in the storage ring of a col- 
liding-beam accelerator. The current is 500 mA, the speed 
of the electrons is 0.99 of the speed of light. What is the 
power of synchrotron emission? 
39.7. An oscillator radiating electromagnetic waves 25 m 
long is required to transmit with minimum distortion sound 
signals with frequencies up to 2 kHz. Find the parameters 
of the resonant circuit. 
39.8. Derive the relation between the frequencies of a wave 
in two reference frames (the Doppler effect, see $ 59.8) 
and the relation between the values of the cosines of the 
angles the ray makes with the direction of the source's 
motion (in both reference frames). 
39.9. Try to derive the expression for the relativistic longi- 
\udinal Doppler effect from the principle of relativity and 
the classical Doppler effect, without using the Lorentz trans- 
lormation. ' 
7-0465 
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ines in the 
39.10. Find the Doppler broadening of spectral lines in 
Spectrum of a 


about 
“white dwarf” (surface temperature abo 
10 000 K). Com 


s the 
pare with the gravitational red shift of 
Spectral lines, assumin 


= n to 
g the mass of the “white dwarf 
be equal to that of the 


the 
Sun and its radius to be 0.01 of 


A һе 
leaves a cyclotron With an energy of 40.0 MeV. Find UN 
Doppler Shift of this lin 


sp a г; е 9 
e, if it is observed at an angl 
30° to the beam's. direct 


ogen 
39.12. The observations of the spectral line of hydrog" 
Hg with a Wavelength of 4861.33 4 in the solar faa 0 
lead to the discovery of a difference in the wavelengt? to 
this line on the Opposite fringes of the solar disk ogna a, 
0.065 A. Find the period of rotation of the Sun about its a) 


it 
39.13. In astrophysics frequent use is made of the quantity 
в =(\—), 


9/40. equal to the relative variation of a Poy 
tral line wavelength. Here Ao is the wavelength emitte (his 
the source and 2, is the wavelength observed. Express in 
quantity in terms of the radial velocity of the source 


е observer, 


: В ongthis 
е variations of Spectral line wavelengt 
measured for an optical 


and for a quasar (quasi-stell 
= 0.034, 2, = 0.4 

velocities of these 
the velocities of the sources, 
39.15. The Doppler effect 


ituled of two stars revolving about 
a common centre of mass. The maximum distance between 
the components of a periodically splitting hydrogen line 
of 4340.47 A wavelength in the Spectrum of one such star 
is 0.53 A. Find the Projection of the orbital speeds of the 
two stars on the line of sight. 
39.16. The maximum relative shift of spectral lines of 
а binary star is 2.08 x 107, the period of line-splitting 
being З days 2 hours and 46 


minutes. Both Stars being 
identical find their masses and the distance between them. 
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40. Interference and Diffraction of Light 


4 " 
dis 18 К oung's arrangement (see § 61.5, Fig. 61.5) the 
аа а, vetween the slits is 1.5 mm and the distance of the 
S dere ron the slits is 2 m. The slits are illuminated by 
dist ce provided with a red filter (A = 687 nm). Find the 
riu between the interference fringes. 3 
na p will the distance between the fringes change, if the 
AQ 7d ler is replaced by a green one (à = 527 nm)? І 
0.2. How many interference maxima will be observed, if 
Ош? arrangement described in the previous problem is 


diuminated with white light? 
= cao yalenge limits are Ay = 
is tl nm, Ay = 420 nm. What 
Gin distance on the screen 
ma veen the red and the violet 
dns ni 
Г А thin wire of 0.05 mm 
а is placed between Ше е 
ae of two well-polished planar plates; the opposite 
'ges of the plates are tightly pressed together (Fig. 40.3a). 
"ni falls perpendicularly onto the surface. Ап observer 
ҮШ, interference fringes on the 10 cm long plate, the dis- 
panes between them being 0.6 mm. Find the wavelength. 
10.4. When the mirror in the Michelson interferomeler is 
displaced, the interference pattern is shifted by 100 bands. 
he light used in the experiment is of 5460 A wavelength. 
н is the mirror’s displacement? 
S Cylindrical tubes 10 cm long, . 
nds by transparent plane-parallel plates, were placed in the 
Path of the two light rays in the Michelson interferometer. 
First the tubes were evacuated, then one Was filled with 
pi pem, and the interference pattern was observed to shift 
Tl fringes. What is the refractive index of hydrogen? 
A0 f: y 54 in the experiment was of wavelength 590 nm. 
enu UE the quality control of surface finish with 
aise p the Linnik interference microscope, à scratch was 
арыт on the surface which produced а curvature of 2.3 
of 530 ee ie nei of interference fringes. Green light 
of the seratch, - ength was used in the test. Find the depth 


Fig. 40.3a. 


each closed at both 


тж 
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Problems 
c Ñ Pam 8 


ents 
40.7. The yellow sodium line consists of two E the 
with the wavelengths of 5890 A and 5896 A "s light an 
Michelson interferometer is illuminated with this lig eriod- 
the mobile mirror is moved, the interference patient Tune 
ically vanishes and then appears again. What is ШШ 

of this phenomenon? lit 8 um 
40.8. Green light of 500 nm wavelength falls on a $ 


- order 
wide. Find the angles at which the first- and the second 
minima are observed. 


in 

ength of monochromatic light eT. 
normally on a diffraction grating with a grating anne ipf 
2.20 um, if the angle between the directions of the f 
and the second-order maxima is 15.09. ith 
40.11. Light of 530 nm Wavelength falls on a grating mu 
а grating constant of 4 50 Hm, and with a total length m 
12.0 mm. Find the angular width of a principal maximu 
and the resolving Power of the grating. ing 
40.12. What should be the length of a diffraction gratin 
with a density of rulin 


e 
g of 300 slits per 4 mm to resol¥ 
two spectral lines of 6000.0 A 


1 Oublet with wavelengths of 5890 А 
and 5896 A? What i ar spacing between these 
i rder Spectrum? В 

a diffraction grating with 
a grating constant d, at a glancing angle с. Prove that the 
resulting diffraction will þe the same as when the wave 
falls normally on a grating with a grating constant of d — 
= d, sin a. 
40.15. A narrow beam of X-rays falls at a glancing angle 
of 20° on a diffraction grating with a constant of 20 um. 
The first diffraction maximum is observed at an angle of 
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19 А 

the елни of the beam. Find the wavelength of 

40.1 em 

LATA t penis beam of X-rays with a wavelength of 

crystal Fi, at a glancing angle of 31°3' on a face of a rocksalt 

crystal, го the spacing between the atomic planes of the 

at this’ if the second-order diffraction maximum is observed 
118 angle. 


41. Dispersion and Absorption of Light 


д 

mid proton beam with an energy of 10.0 GeV enters a Ce- 
of ti v counter made of rock salt. Find the deflection angle 
E he threshold red (0.67 pm) and of the violet (0.40 jum) 
ves from the cone axis. 
filled A beam of relativistic e 0 
à with water radiates in the violet 
rs with an aperture of 82720". Fin 
m the electrons. 

11.3. Assuming the free electron concentration in a plasma 
to be no, find the dependence of the plasma's dielectric 
constant on the frequency of an electromagnetic wave, пе- 
glecting the interaction of the electromagnetic wave with 


the positive ions. ў 
41.4. Express the group velocity of light in terms of the 
velocity of light in a vacuum, the refractive index and the 


derivative of the refractive index with respect to frequency. 
41.5. Prove that in the normal dispersion range the group 
velocity is less than the velocity of light in a vacuum. 
41.6. Find in the optical range the refractive index of a plas- 
ma and the phase and the group velocities of a wave in 


a plasma. 
41.7. The phase velocity of ligl I 
velocity of light in a vacuum. Is this not in contradiction 


with the fundamental principle of the theory of relativity 
that the velocity of light in a vacuum is the maximum pos- 
sible velocity? 
41.8. Can Cerenkov radiation be induced in a plasma? 
41.9. Find the free electron concentration in the ionos ES ? 
if the refractive index of the ionosphere for radio E n 
of 3.0 m wavelength is 0.90. : waves 


lectrons in a Cerenkov counter 
spectral range inside 
d the kinetic energy 


it in a plasma exceeds the 
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TP ergy 
discussing the action of X-rays of na sense ler: 
the bonding energy of the electrons in the lattice. Cal- 

5 may be considered fran, ahi 
Pproximation the refractive index о 
0 A wavelength. saves ub 
reflection Coefficient for optical wa i 


5 s hat !n 
ma interface, (Take into account t 9 is 


41.13. The distance between 


hn 720 
the toothed wheel with 
teeth and the mirror 


s m. 
in the Fizeau experiment is TU na 
ion speeds of the wheel for koe the 

З r.p.s. and 313 r.p.s. Еіпс 
velocity of li ht. 


2 holds 
a plasma the relation wl! — c ae 
? and U the Stroup velocity of an ele 
magnetic wave. 


— ight 
group and the pliase velocitiy. “ЫШ. 
wavelength of 5086 A in the 5461-4 


ге manufactured from Ше same material. The gu 
di ion in a narrow beam of торбого QU. 
e first plate transmits 0. ñ 
he light flux. Find the absorptio, 
-thickness of the material. Neglec 
secondary reflections, T 
41.17. A point li is in the centre of a spherica 
layer of a substance, with an i i 
nal radius ry. The refractive index and the absorption coof- 
ficient of the substance are k 


nown. Find the transmittance 
of the layer of substance, Neglect Secondary  reflec- 
tions. 


> Ho = 4 met Find the transmi 
filter for the wavelength A, and i 
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The transmission band width includes all wavelengths for 
Which the transparency of the filter is not less than half of 
the resonant transparency. Neglect the reflection of light 
rom the surfaces. 

41.19. How many half-thicknesses are there in a plate which 
reduces the intensity of a beam 60 times? 


дт! 
58 
54 
50 
46 


42 — ууз 4109 640? 810° AA 


Fig. 41.20. 


41.20. Figure 41.20 shows the dependence on the wavelength 
9f the absorption coefficient of lead for gamma-rays from 
à radio-active source. What is the maximum half-thickness of 


lead for gamma-rays? 


42. Polarization of Light 


42.1. Natural light falls on a system of two polaroids the 
angle between whose optical axes 15 45°. By how much 
will the intensity of the light be reduced? 10% of the light 
is lost in each polaroid. Neglect losses due to reflection. 
42.2. If a third polaroid with its optical axis at an angle 
of æ 1o the optical axis of the analyzer is placed between 
lwo crossed polaroids, the field of view brightens. Find 
the intensity of the transmitted light. Neglect losses due 
to reflection and absorption. What is the angle œ of maximum 
brightness? 

42.3. The ordinary and the extraordinary rays are obtained 
by decomposition of a given beam of natural light. Will 
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ima: 
there be an interference pattern of minima and max!" 
if both rays are combined? «op creates 
42.4. Find the thickness of a calcite plate which dinary 
in yellow light a phase difference of л/2 between the or 898 H 
and the extraordinary rays of light at a wavelength wr for 
(the quarter-wave plate). What will be the phase sU 
violet light (4047 ^) passing through this plate? alcite 
42.5. To compensate the phase shift introduced by à € ed in 
quarter-wave plate a quartz quarter-wave plate was plac both 
the path of a light beam. Compare the thicknesses 0 
plates. The light used in the experiment was in the 8 
part of the spectrum (5086 A). 9.8 X 
42.6. A glucose solution with a concentration of ‘Jane 
in a glass tube rotates the polarization P 


ч the 
ng through it by 64°, Another solution in 


ееп 


43. Geometrical Optics 


ite 
43.1. A plate of 4.0 em thickness was cut out of agir 
Perpendicular to the optical axis. A narrow beam of Sah te 
yellow light with a wavelength of 5893 À falls on the p e 
at an angle of 60°. Find the spacing between the ordinal 


and the extraordinary rays at the point of exit from the 
plate to the air. 


43.2. A ray of white light falls on 
perpendicular to its face. Find the 
the prism for which the red rays pass 
the violet rays experience total int 


a prism of crown glass 
angle of refraction 0 
out of it into air while 
ernal reflection. н 

es right prism are coated with 


placed on the bed of a pond 
eter of the illuminated circle on 
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43.5 Р 
5. A prism of flint glass with an angle of refraction of 


3 o. 
us placed in water. At what angle should a ray of light 
is nis the face of the prism so that inside the prism the ray 
Кто pendicular to the bisector of the angle of refraction? 
ugh what angle will the ray turn after passing through 


33 faces of the prism? 
ed A lens made of crown glass ha c 
gen n air. What will its focal power be i 
gen sulphide (т = 1.63)? 
агау system is made up of two thin converging lenses 
mess ge perpendicularly to their common axis. Where is the 
of its of the anterior focus 
the е left-hand lens? Trace 
rays. 
e Prove that the lens 
up m of a system made 
thi of two tightly packed a 
кы, lenses is equal to the Fig. 43.10. 
Shek of the focal powers of 
3.9 of them. 
ы What is the experimen 
43 er of a diverging lens? x 
10. A convexo-concave lens of crown glass has the radii 
of curvature equal to 1 m and 12 cm. What is its focal 
Power? The lens is placed horizontally and filled with water 
(Fig. 43.10). How will its focal power change? 
3.11. Derive the formula for the focal power of a plano- 
convex lens by tracing the rays passing through it. 
13.12. Two thin lenses with focal lengths of һ-= 
and f, — 6 cm are placed at a distance d — 3 cm apart. 
What is the distance of the focus of the system from the 
Second lens? The system is а centred one. 
43.13. Two thin converging lenses are placed on a common 


axis so that the centre of one of them coincides with the 
placed at a distance twice 


focus of the other. An object 15 

the focal length from the left-hand lens. Where will its 
image be? What is the lateral magnification? The focal 
power of each lens is P. 

43.14. A converging bundle of light rays in the shape of 
e pona with the vertex angle of 40° falls on a circular dia- 
phragm of 20cm diameter, А lens with a focal power of 5 diop- 


s a focal power of 8 diop- 
n water? In hydro- 


tal procedure to find the focal 
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ters is fixed in the diaphragm. What will the new cone angl? 
be? ilica- 
43.15. Compare the longitudinal and the lateral Luc ee ef 
lions of a thin lens. Consider the case of «mall longitudi! 

dimensions of the object. th 
43.16. A ball is placed at a distance double the focal lene ; 
from the lens on its axis. What will be the shape of its imag 


Fig. 43.192. Fig. 43.202. 


43.17. Find the magnitude of the chromatic aberrations 
of a lens made of flint glass, if the radii of curvature of bot! 
its surfaces аге 0.5 Th. We define the chromatic aberration 
as the difference between the focal lengths for the red al! 


9A E 


oA ы 
шышы N — MR с ашы 


the violet rays. Find the г 
to the average focal length of the lens 
43.18. А concave spherica] mirror wit}, 
of 0.2 m is filled with water. Wh 
this system? | 

43.19. A ray of light falls 9n a concave spherical mirror, 
as shown in Fig. 43.19a. Trace the path of the ray further. 
43.20. A ray of light falls 3 


on a convex mirror, as s T 
in Fig. 43.20a. Trace the Path of the ray фига show 


atio of the chromatic aberration 


th à radius of curvature 
at is the focal power of 
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43.21. Fi р 

у, igure 43.21a shows the optical axis of a lens, the 

live source of light A and its virtual image A'. Trace tlie 

\у to find the position of the lens and of its focuses. What 

due UE lens is it? 

o the problem similar to the prev 

43.23. Prov, i 

i G that a parabolic mirror is free from spherical 

P lons 

43.24 ` ; 

oe Can a strictly parallel bundle of lig 
ed with a parabolic mirror? 


ious one using 


ht rays be ob- 


44. Optical Instruments 

f 555 nm wavelength 
What is the radiant 
er in order to obtain 


44 
mu A monochromatic light source 0 
Se SS a total liglit flux of 1200 lm. 

er? What should be the radiant pow 


the = з 9 
„вате light flux at a wavelength of 480 nm? 600 nm? 
1.2. A monochromatic point source of 520 nm wavelength 

20 cd. What are the amplitudes 


lias ; : 
E à luminous intensity of [ л с 
the electric field intensity and of magnetic field induction 
ource? 


tt a distance of 50 cm from the $ . : 
14.3. A cylindrical hall of diameter D is illuminated by 


а lamp fixed at centre of the ceiling. Compare the minimum 
illuminance of the wall and of the floor. The height of each 


wall is h. 
А, A round table of radius г is illuminated by à lamp of 
uminous intensity (candlepower) I hanging above its centre. 
hat should be the height of the lamp above the table for 
the illuminance of the table frin be maximum? What 
is its value? What is the illuminance 
table in these conditions? | 
44.5, A point light source illuminates a screen, the maximum 
illuminance being Eo. How will the illuminance of this, point 
Change if a large plane ideally reflecting mirror is placed 
behind the source half way between the lamp and the screen? 
44.6. Street lamps of 10 cm diameter and of 1.8 х 105 cd/m? 
brightness are suspended at a height of 12 m, the distance 
between them being 40 m. Find the illuminance under each 
lamp and midway between them. 
44.7. A point light source of 10 cd luminous intensity is 
in the centre of a concave mirror with a radius of curvature 
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om the source. What is the maximus 
een? How will the illuminance chang? 
if the mirror is withdrawn? jects 
44.8. A lens of diameter D and a focal length / project 


to 
at a great distance from the lens 02 
the illuminance of the image оп 


. he 
| rtional to the luminance and to б 
aperture ratio of the ] 


Ptical axis of the system et 

sighted eye is 9 ¢ Wed oe visual activity for a ан 
| m. at glasses s] бо 0017 

eme g $ should be worn 


he estimate of the resolving power S 
iffraction from a single slit practically 
minimum angle of view estimated on th 
aor ae between nearest elements 0 
meter of the ili iti 09 
illuminance is 2.3 mm. арна tai 

44.12. The length of a microsco i al 

h of a r pe tube is 16 cm, the foc 

power of the objective is 185 diopters and of tho eyepiece 
90 diopters. Find the angular Magnification of the instru- 


resolve? 
44.14. A escope obje 
is 


can resolve. : . 
What are tho dimensions of objects on the Sun this 

telescope can resolve? 

44.15. Galileo's telescope is 4 telescopic s 

а long-focus convex lens Serves as the 

focus concave lens serves as the eyepi 


1С system in which 
objective, and a short- 
ece. The Posterior vir- 
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tual fo 
of the ee eyepiece coincides with the posterior focus 
nd the A ctive. Trace the path of rays in this system and 
44.16 ngular magnification. 
on the Hane gen the minimum distances between two points 
on and on Mars which can be resolved with the aid 
r of 6 m diameter. 


01 а reflocti 
The eflecting telescope having a mirro 
" rth and Mars (the 


шл distance between the Еа 
44.17 apposite ) is 5.6 х 10% m. 
Operates radio telescope of about half a kilometer diameter 
Spectrum p the centimeter wave range of the hydrogen 
with the ae em). Estimate its resolving power. Compare 
meter PA power of an optical telescope with a three 

i At present the best sprinters run 100 m in 10 s. 

urrin e appropriate exposure 1n making snapshots, if the 
Snapshel en the negative must not exceed т = 0.5 mm? The 
of the 5 аге made ata distance of d— 6 m, the focal power 
44.19 Шо орар! е objective is D — 20 diopters. 
objecti andscape shots are made with a camera having an 
on тт of focal power 7.7 diopters. The camera is focused 
Tor iai 19 m away from it. It is desired to obtain a suffi- 
fro y clear image of objects within a distance of 3 m in 
ma and behind—their blurring on the negative should 

exceed 0.2 mm. What should be the setting (i.e. diameter) 

i the diaphragm? What will the aperture of the objective 
"i at this setting? 
44.20. A camera with an objective of 8d 
is used to take photographs of an object lying on the bottom 
of a pond 1.2 m deep. What is the distance of the film from 
the objective lens? The lens is placed close to the surface 


of the water. 


iopters focal power 


Part Seven 


FUNDAMENTALS OF QUANTUM PHYSICS 


45. Photons 


45.1. Solar radiation with an intensity of 1.36 kW/m? pe! 
second falls on the illuminated surface of the Earth. AS 
suming the Sun’s radiation to be similar to that of an abso 
pale black body, find the temperature of the photospher¢- 
15.2. The Sun ‘radiates maximum energy at a waveleng!!! 
of 470 nm. Assuming the Sun’s radiation to be similar 10 


that of an absolute black 1 ly, fi rature of the 
photosphere. ody, find the temperature 0 


45.3. The surface lemperature of 
order of 104 K, To what spectral 
value of their radiation belong? 

45.4. The Sensitivity of the human eye in darkness is high: 
ata wavelength of555 nm it detects a light si mal of no less 
than 60 photons per Second. What js the Wave intensity? 


What is the power of the light s ТИР А 
S m ght source, "on 
the eye is 10 km? The diameler of n its distance fr 


"white dwarfs" is of po 
band does the maximun 


il in darknes 
is 8 mm. pupil in dark 
45.5. Find the thresholc 


effect for lithium, zinc, of the photoemissive 
45.6. Find the maximum 
of photo-electrons emitted from 
y-rays of 0.3 A wavelength, 

45.7. Find the cut-off voltage whieh 8 
electrons from а caesium е 
of 600 nm wavelength. 


the velocily 
a metal irradiated wilh 


tops the е 


[ mission of 
athode irradiated 


With light 
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45.8. ү 
no When a cathode was irradiated with light first of 
Was che wavelength and then of 680 nm, the cut-off voltage 
lion hanged by a factor of 3.3. Find the electron work func- 
5 mh 
I There are Lypes of photographic paper which can be 
am in red light of over 680 nm wavelength. Find the 
Д5 Тр energy of the chemical reaction. 
ton - Find the energy, the mass and the momentum gs pho- 
45.1 of Ultraviolet radiation of 280 nm waveleng! a | 
the 1. Find the wavelength of X-ray radiation for which 
е photon energy is equal to the intrinsic electron energy. 


45 2 
(oss. A moving source emits photons. Find the ex pressions 
T the energy and the momentum of a photon in the labo- 


rator 
16.13. "is pli: te the light 
еше Making use of the photon concept compu е lig ў 
Куш; оп a reflecting surface, if the angle of incidence is &. 
9.14. A small ideally absorbing plate of 10 mg mass 18 
Suspended from a practically weightless quartz filament 

mm long. A light flash from a laser falls on its sube 
Perpendicularly to it, causing the filament with the p ate 
0 deflect from the vertical by an angle of 0.6. Estimate 


the e 

le energy of the laser flash. —, А i es 
45.15. Estimate the dimensions of a pausa ые а 
Sure of i н e on it compensates (1 ШУЙДЕ 
E the light from the Sun o [o i an absolute black 


tional > ^ 909! 
force. Assume IT 10? kg/m’, and the solar con- 


койу, its density to be 7 
ant to be 1.36 kW/m’. pes ; 
45.16. What fraction of the pho gy 15 йашел 
lo the recoil electron in the Compton effect: The ene 
of X-ray photons prior to scattering was €. Do the calcula- 
lions for a photon energy of 10 keV and for a scattering 
angle of 60°. И 

45.17. The photon scattering angle in the Compton effect 
is 0, the electron recoil angle is &- Find the energy of роо 

— 90°, a = 


Prior to scattering. Do the calculations for 9 = i ) 
45.18. X-rays fail on a layer of substance placed in a Wil- 


son chamber. The chamber is in a magnetic field of 0.02 T 
induction, and the Compton recoil electrons leave traces 
with a 2.4 em radius of curvature. Find the minimum energy 
of the X-ray photons at which such recoil electrons may be 
formed, and the corresponding wavelength. 


ton's ener 
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annot 
45.19. Prove that a free electron at rest in a vacuum © 
absorb a photon. . . straight 
45.20. Prove that an electron Moving uniformly in a 
line in a vacuum cannot emit a photon. жй 
45.21. A photon of energy & flies through a a hind the 
transparent Screen. Where may it be observed jetecting 
Screen? What is the Corresponding probability of ¢ 


1 
4 hoto! 
it? The volume of the counter which registers the p 
is Vo, the slit width is D 


; from 
‚ the counter is a long way ЇЇ 
the screen. А lete 
45.22. Will the Probability of a photon being FE cut Í 
behind a Screen change, if а second parallel slit is 

the screen? ]f a System of slits is cut? { will 
45.23. A photon Passes through a polaroid. bet 
happen to it? What are the Corresponding probabi with 
45.24. An electron of 5 Ge energy collides head-on 

a photon of Visible 


rgy 
light (€, = 1 eV). Find the ene 
of the Scattered photon, 


1 a non 


cted 


46. Elementary Quantum Mechanics 


e 
46.1. Express the de wavelength in terms of ш 
kinetic energy of a relativistic particle. What is the ope 
energy for which the nonrelativistic formula leads to 
error of less than 1%? 

46.2. Express the de Br 
accelerating potenti 
istic cases, 


Broglie 


n ле 
oglie Wavelength in terms of Ee 
al for the relativistic and the nonrela 


e 
i ;, ап electron microscope is 0.02, th 
accelerating potentia] - Find the dimensions a 
esolved with the aid of this instru 
46.4. Why is the resolvin 
an order of magnitude high 
scope? 

46.5. ^ parallel electron 


Е power of an ion 


projector by 
ег than that of 


an electron *micro- 


€ beam accelerated jn an electric 
field with a potential difference of 15 V falls on à narrow 


rectangular diaphragm 0.08 mm wide. Find the width of the 


Principal diffraction Maximum on a Screen placed 60 em 
away from the diaphragm. 
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46.6 
б. Ац 
arrow . 
neutron beam falls on a natural face of an 


aluminiu 

i m si 

distance eee cr at a glancing angle of 5° The 

ТШЕ 1е-сгуз\а1 E crystallographic planes parallel to the 

Ks energy of > ce is 0.20 nm. What is the velocity and 

Е Served in ui sees for which a first-order maximum is 

9Spondin is direction? What is the temperature cor- 
g to this neutron velocity? 


4. Fi 
: Find : А 
root-m the de Broglie wavelength corresponding to the 

en molecules at room 


t 
perature (20° С) 
of1 » An electron i: ;al differ 
0 у is accelerated by a potential difference 
A roglie w. phase velocities of the de 
6.9 д ев: Do the same for a p ial difference of 10° V. 
Dota tio] 2201018 is in its groun a unidimensional 
With whi well with infinitely 
йн hich the particle acts on 
46.10 eq in a well 1 
the p, ind the first three energy 
t YT arius problem. 
cule ; The natural vibration frequency of a hydrogen mole- 
Ше is 1.96 х 40M Hz. Find the zero-point energy of the 
Can the vibrational degrees of 
46.12 1 e excited at 600 К? 
попеҳ, Estimate the dimensions of a hydrogen atom in the 
тё xcited state, regarding illator and assuming 
TM Zero-point energy © oscillations to be equal to the 
^6 c. energy of the electron on the first orbit. 
ask Find the probability of an electron tunneling through 
or wide and 0.4 eV high poten if it is accel- 
an EY t field of 0.3 У. | 
fr 14. Estimate the probability of cold electron emission 
t om a metal, if there is a uniform feld of strength E close 
46 the surface of the metal. 
Poo. What is the probability of cold electron emission 
rom tungsten, if the field strength at the point is 5 x 10% 


V/m? 


g the data of 


tial barrier, 


omic and Molecular Structure 


47.1. What is the distance of closest approach 
. of a Р 
particle to a silver nucleus if the kinetic energy of the "en 


particle is 0.40 MeV. 


8-0465 


47. At 
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47.2. Applying Bohr's theory, find the orbital velocity 9 
the electron on an arbitrary energy level. Compare the orbi 

velocity on the lowest er he 
47.3. Calculate the energy corresponding to {9 
\ i hydrogen series (Lyman-@)- d 
47.4. An electron in an unexcited hydrogen atom acquire 


ing wavelengths. 
47.5. An electron o 
from the fifth energ 
velocity did the ati 


А om acquire as the result of photon emis- 
Sion? What is the recoil energy? Кор 


отр ith tl radius of a singly ionized 
are with the fi . Е of t 
hydrogen atom. irst Bohr radius ao 


220 generalized Balmer formula for this 100: 
Find the first lines of the series Corresponding to the Lyman 
and the Balmer series, g 


» _ n the Structur oms and 
hie ыра, (1918) Niels Bohr, ава Proof of the validity о 
his theory, cited the faet tha number of spectral lines 
of the Balmer Series observed in a gas-di 1 A be never 
exceeds 12, while 33 lines a É Scharge tu : 
podies: Воз үүн = iat the diameter of the 
ЫЫ, which depende ty [fees average interatomic dis- 
tions, estimate the concentration ^ From these considera- 
and the density of hy 


f ato tł ssure 
drogen ; ol atoms, the pressul 
a celestial body. gen in a 8as-discharge tube and in 
47.8. Find the ionization energy 
atom 


of a doubly ionized lithium 


a qud 4548 À are observed 
they be] zum of a certain galaxy. 
the motion of this galaxy? Song? What ca 


n you say about 
47.10. A mesoatom 
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КЕП 
HL. Write dow 
find the [pas dg и Balmer formula for a mesoatom and 
Of the fret ane: lines corresponding to the leading lines 
irst three series. 
ositronium is the term for a syste 


m made up of an 


elect i 

ron and ; ? 

mass, Reta positron revolving арош a common centre of 
Positro 1¢ interparticle distance and the energy of the 


47.13, we in the ground state. 
and the заб will be potential difference between the cathode 
grid voltage at which there will be a marked drop 


in the 
anode current in the Frank-Hertz experiment, if the 


ee with atomic hydrogen? 
ur n that not more than two electrons can occupy 
41.4; Wei and not more than six can occupy the p-state. 
numbers rite down the values of all the four quantum 
atoms. for each electron of the boron and sodium 


47.16. Тт 
6. The atoms of lithium, sodium and pot 


Contaj 9 
t} ain a different number of electrons. Why 


les 

47.17 elements monovalent? 

contai olve Problem 46.9 assuming t 
ntain three bosons. The energy of t 


minimum, 

4143. Solve a similar problem for three fermions. 

the o An X-ray tube operates at a voltage of 40 kV. Find 
Continuous spectrum limit of the X-ray spectrum. 


47, 
20. From what material is the anode of an X-ray tube 
haracteristic spec- 


m i 

ү if the K,-line wavelength of the с 

7 F is 0.76 А? 

tub - What is the minimum 
e with a vanadium cathode for which 


zæ Series appear? 
Кат The difference between the nickel K,-line wave- 
PAR and the continuous spectrum limit of the X-ray 
А а is 10%. Find the voltage applied to the X-ray tube. 
ee Find the angular velocity of rotation of a hydrogen 
Pie e on the first excited rotational level, if the distance 
47.24 5ч the centres of its atoms is 0.74 A. 
we uppose a hydrogen molecule passed to the first 
Shee ational energy level. What spectral line will be 
47.25. T} when it returns to the ground state? 
- The natural angular frequency of vibration of an HF 


e 


assium each 
then are all 


he potential well to 
he system is at its 


voltage applied to an X-ray 
the lines of the 
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molecule is 7.79 x 109 rad/s. There are 13 rotational levels 


between the zero level and the first excitation level. p 
mate the distance between the centres of the atoms in th 
molecule 


47.26. Noticeable dissociation of hydrogen mole 
les into atoms starts at a temperature of the order of 10° K- 
The bond energy for hydrogen is 4.72 eV. Is there any coD- 
tradiction? 


47.27. Why do helium atom and the hydrogen molecule 
have such different Spec 


tra? 
47.28. When Bohr's t 


the magnetic moments of 
Assess the resulting error. 

How will the energy level pattern change, if, in addition 
to the Coulomb interaction, the magnetic interaction 
between the electron and the Proton is also taken into 
account? 


cm. E 
ment with this result 


: ight from a mer- 
А t compani d 

4244 А (red companions) eg 3885 i (viole elengths о) 
are observed in the combination Scatterin nr pene 
the natural frequency of Vibration of the 8 Spectrum. Fin 
substance. à m 
47.91. Is a laser which emits m 
irons, neutrinos, гоа possible? 
47.32. The crystal rod of a rub " 

and 35 mm long. The laser due 6 of А тата diameter 
wavelengths of 6943 А and 6999 А Fin oherent li 
divergence of its rays. 


117 


-= Fundamentals of Quantum Physics 


48. Quantum Properties of Metals and of Semiconductors 


ы, Find the energy and the momentum of an electron 
in mi the Fermi level in aluminium, in sodium and 
48.2. Calculate the degeneracy temperature for the electron 
on aluminium, in sodium and in copper. 

i ueni the average energy of electrons to be 3/5 of 
m ermi energy estimate the pressure of the electron gas 
48.4 metal. Do the calculations for aluminium. 

18.4. Prove that the pressure and the volume of a degener- 
ate electron gas are related by an equation similar to the 
у Qisson equation, and find the adiabatic index y = C,/Cv. 
48.5. Matter inside a "white dwarf" is in a state of degen- 
eracy, and the dependence of the pressure on the density is 
of the form Р = Ap??, W. 
density. Find the expression for 
he electron gas, 


to the heavy particles being negligible. 
48.6. Estimate the fraction of electrons in copper which 
it is heated to 100 °C. 


heat of the electron gas in cop- 


per at 100 °C, and compare it w 

48.8. Find the mean free path of electrons in copper and 
compare it with the interatomic distance. 
48.9. A sustained current с ing-shaped super- 
conductor. Assuming the superconductor to be a gigantic 
Bohr orbit show that the current and the magnetic flux are 
quantized. Take into account the pairing of electrons in 


a superconductor. 
48.10. Experiments show the electrical conductivity of semi- 


conductors to rise drastically with temperature. Assuming 
that it is possible to ca pability of electron 
transition from the valence to the conduction band using the 
barometric distribution, derive the formula for the tem- 
perature dependence of a semiconductor's conductivity. 
48.11. Compare the electrical conductivity of pure ger- 
manium at —40 °C and --100 °C. The activation energy for 
germanium is 0.72 eV. 

48.12. The intrinsic conductivity of germaniur 
is 2.13 ohm-! -m-!, the mobilities of electrons an 


l]eulate the pro 


n at 27 ^C 
d holes are 


118 Problems 


0.38 and 0.18 m*/ 
densities and the 

48.13. Find the extrinsic conductivi 
with indium to a concentration of 2 > 1022 m=, with anti- 
mony to a concentration of 5 x 1021 m-3, " 
48.14. Find the internal contact potential difference De 
tween aluminium and copper; between copper and zinc oxide. 


(V-s), respectively. Compute the carrier 
Hall coefficient. 


Ly of germanium doped 


Part Eight 


NUCLEAR AND ELEMENTARY PARTICLE PHYSICS 


49. Nuclear Structure 


e between the structures of the 


49.1. What is the difference 
and of the superheavy hydrogen 


light. helium isotope nucleus 
(tritium) nucleus? 
49.2. The atomic mass 
Sists of two isotopes with m 
Find their fractions. 
49.3. Asses the radii о 
nuclei and the height o 
these nuclei. 
49.4. Find the binding en 
the specific binding energy 
49.5. Compare the specific 
of the light helium isotope. 
49.6. An isotope of radium with mass number 226 undergoes 
radioactive transformation to à lead isotope with mass 
number 206. How many alpha- and beta-disintegrations 
were involved in the process? 
49.7. A polonium nucleus transforms into one of lead. Find 
the kinetic energy of the alpha-particle and of the recoil 
nucleus. 
49.8, Can the nuclear reaction 
pe Why? 
woo EB d silicon nucleus transform int б 
49.10 s, emitting a proton in the process? Why? 
malas WIS silicon nucleus transform into a phosphorus 
What is аыл would be emitted in the process? 
otal energy? 


of natural boron is 10.811. It con- 
asses of 10.013 and 11.009. 


f the deuterium and the polonium 
f the Coulomb potential barrier 0 


m nucleus and 
per nucleon). 
f tritium and 


ergy of the deuteriu 
(binding energy 
binding energies 0 


„Be? — He! -H „Пе? take 


o an aluminium 


120 Problems 


БУ is required to extract a neutron fron 
mass number 13? — 
49.12. What is the probability of alpha-particles with kine 


ic energy 5 MeV tunnelling through the potential barrier 
of a polonium nucleus? 


49.13. How will the radioactivity of a cobalt specimen 


change in two years? The half-life js 5.2 years. — 
49.14. In two days the radioactivity of а radon Враз 
decreased to 1/1.45 of its original value. Find its half-life. 


49.15. The radioactivity of a uranium specimen with mass 
number 238 is 2.5 x 463 571, the specimen's mass is 2.0 g. 
Find the half-life. 


if it is known da 
: ty is. hird of that of newly cut wood. 
In the Investigation of the alpha-decay of polonium, 


alpha-particles with energies of 5.30 and 4.50 MeV were 
detected. Find the 


its gamma-rays with an energy 
e variation of the energy of 
gamma-photon due to the recoil of the nucleus. Compare this 
of a spectral line, if the 
State is 1.4 x 10-7 я" 
Speed of approach о 
à source and an absorber Consisting of free fum сс for 
the resonance absorption o gamma-rays to take place? 
The energy of the photon is Specified in ihe previous prob- 
lem. 
49.20. Derive the law of radioactive decay on the basis 
of the fact that the decay Probability for a ‘nucleus is inde- 
pendent of the number of nuclei is proportional to the 
period of observation. 
49.21. Making use A Uncertainty re 
the energy of the localiza lon of а neutron in a i 
the kinetic energy that a neu в еш, i.e. 


à nucleus, The dimensions of the nucleus ay 
103 та, 


and 


Isn't there contradiction between this result a 
ndt 
itental fact that even thermal] neutrons with e 
gies of the order of 10-2 eV are able to penetrate the 


© exper- 
1С ener- 
nucleus? 
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50. Nuclear Reactions 


d U?35 nucleus liberates an energy of 200 MeV 
in the process of fission. 1.5 kg of uranium take part in 
the reaction during the explosion of a uranium bomb. 
What is the mass of an equivalent TNT bomb, if the heat- 
ing capacity of TNT is 4.4 MJ/kg? 

50.2. Find the energy liberated in the course of the thermo- 


nuclear reaction 


50.1. A uranium 


Li’ 4 H2 > 2, He* 


ne nucleus and for one nucleon. 


Do the calculations for o 
liberated in the process of fission 


Compare with the energy 
of uranium. 
50.3. Can the thermonuclear reaction ,H? +,H? — »He* be 
initiated in gaseous deuterium at à temperature of the order 
of 108 К? 
50.4. A neutral pion decays into two gamma-photons: 
n9 —Yy-cY 
Why cannot a single photon be born? What conservation 
law is in contradiction with it? What is the energy of the 
photon? 
50.5. The lifetime of a ne 
is the accuracy with which 
50.6. À 1 t into an elec 
50.6. A high-energy gamma-photon may turn into an elec- 
брони pair in the field of heavy nuclei. What is Ше 
minimum energy of the gamma-photon? . 
50.7. Prove that a photon in a vacuum, no matter how high 
its energy is, cannot transform to ап electron-positron 


pair. 
50.8. A stationary pion decay 
nt pt + Me 


40-17 s. What 


utral pion is 8.0 x 
be deter- 


its mass сап 


s into а muon and a neutrino: 


Find the ratio of the energy of the neutrino to the kinetic 
energy of the muon. 

50.9. A neutron at rest decays. Assuming the resulting 
proton to remain at rest, 100, find the kinetic energy of the 
electron and the energy of Ше antineutrino. 
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50.10. The observa 
Showed that 
photons. The 


tion of the tracks of se 
a neutral pion dec 


angle of sep 


condary electrons 
ayed into two identical 
aration of the photons is 90°. 
the pion and the energy of each 
50.11. Protons accelerated by a potential difference | of 
6.8 MV bombard a stationary lithium target. The collision 
of a proton with a nucleus of Li? isotope results in the birth 
of two alpha-particles which separate symmetrically with 
respect to the direction of the proton beam. Find the kinetic 
energy and the Separation 


angle of the alpha-particles. 
50.12. An accelerated electron is absorbed by 
rest and a neutro 


c a proton at 

nis formed. Write the reaction equation. 
Assuming that the resulting neutron remains at rest, cal- 
culate the minimum kinetic en 


e mir а ergy of the electron at which 
the reaction is possible, 


SOLUTIONS 


1. Kineties of а Particle 
nr abe graph is shown in Fig. 1.1. The law of motion is: ху = —21 + 
„Ри жу == 7 „> dt. 

1.2. The graph is shown in Fig. 1.2. The law of motion is: ту = 1.515 
їз = —800 + 3.51. 

:3. The graph is shown in Fig. 1.3. The Jaw of m 

za = 120 @— 1.5). 

1.4. For the swimmer not to drift 
with the stream, the condition —г,-} 
+ и = 0 must be satisfied (see Fig. 
1.4). Hence the given answer. The 
problem has a solution for v S 


notion is: ту = 8045 


Fig. 1.1. Fig. 1.2. 
axis. His speed along 


E : , 
t 5. The swimmer swims at an angle & to the y- 
e y-axis js г, = Е COS €; along the z-axis гу = 
Ux rsing +u 
tanb ->= 
m v COS ® 
r some simple transforms. 


sina + и. Hence 


The viy j " T 
he given answer is obtained alte 
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The problem has a solution for p Е 
1.6. The speed of the swimmer in the dir 


Oving up-stream at a speed v — 
— и she jeune covereda distance / 
Moving down-stream at a Spas: 
v-} u it covered а greater T 
tance, namely l 4- ut, where u 


=L 
y E ey eee 
—. | —-  —————— 
EN $ I 
Fig. 1.3. Fig. 1.4. 


the distance covered by the float w 


ith respect to the bank. The time 
of motion may be found from the equation 
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whence 


ч ; : 
ee The speed of the launch in this reference frame is v, the float 
"s Jed The time of motion of the launch is t= 2/'/v, where l’ is 
zs istance covered by the launch with respect to the water in one 
ection. It is obvious that 
l A t 


— a 
— Cum m 


"c - |: U 2 
obtain the same answer. 


Substituting into the previous equality we 
ving reference frame. 


evidently, the solution is simpler in a mo 
.8. See Fig. 1.8. 


2. Force 


2.1. The force F causes the extension of the entire system Al = F/k, 
the extensions of the first and the second springs being Al, = Flky 
and Al, = F/k;, respectively. Since Al = Al, + Ale, it follows that 
1 


X oa ape. 
k ky ko 


equal in magnitude and 


2.2. Apply to the body two forces Т1 and T, 
opposite in direction Fig. 2.2). | 
, and Т, and F, and Ts, respectively, we 

g in point B. Translate the 


Adding up the forces F 
obtain two forces В; and К» intersectin 
forces R; and К, to this point an 
resolve them again into the former 
components. The forces T, and T; 
are in equilibrium, but the forces 
Е; = F,, and F; = Fs act in the 
same direction ап j 
foro В =F d #у = К Кю 

The position of point O, 
centre of parallel forces, may be 
found from the similarity of trian- 
gles. From the condition AA,OB ~ 
~ AF, RiB and AA,OB ~ AF RB 
we obtain 


l, ОВ 1, | OB 
Т Е aud pF, 


from which 4/1 = laF 3, which 
was required to prove. 

2.3. Let the z-axis pass through the 
points of application of the forces, Fig. 2.2 
A, and A,, with the coordinates Tı B. 2:4 
and zp, the coordinate of the centre 
О being хо. Then lı = zo — 21, l, = т, — х0. Substituting this into 


2 
the result of the previous problem, we obtain: Fy (х0 — ху) = 
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= Fy (2, — ту), whence 


To= 


> found 
The position of the centre of several parallel forces may be fou 
by using the method of complete induction. 

2.4. Resolve the greate 


ts 
т force F, into two parallel compone 
(Fig. 2.4), applying the force T, = —F, at the point A, and the se 
orce Т, 


; бе 
of magnitude 7, — Ру — F, at the point С at a distance 


TA 
2 


Fig. 2.4, 


d = aT T, from Point A4,. Since the f. i ilib- 
rium, the resultant B Ti; its magnitude 3,200 I. are in equ 


Т = Е, — Fe 


Fig. 2.6b. 


ming the system to extend without an ul i 
ay fom = Al, = Al. The force P = AL is resolved н e 


into t ion о 
=k г © two 
pegar, Ta AL Bie us дай follows tios 
=k. ko. 

5.6. Using “the sine rule, we obtain 


T. à 


from Fig. 2.6b 
E p 
sin, sin By = 


sin [1— (B; - B] 
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Noting that ф; = = a iy, Ba = — аз, we obtain the given 


answer. 
2.7. The triangle of forces is similar to the bracket's triangle (Fig.2.7b). 


Using the sine theorem, we obtain 
PF, Fa mg 
sinB sina зіп [x — (e 4- B)I 
2.8. Since DC — a Y 3/2 and DE — a/2 it follows that — CDE = 90°, 
Resolve the force P = mg into two components in the directions ср 
and CE (Fig. 2.80). We obtain № = 2P, F= P ү 3. Now resolve 


av3/2 [4 F 


Fig. 2.8b. Fig. 2.8c. 


i AC 
u i nents directed along the rods BC and 
(Fig 2.3), Since in this case the parallelogram of forces is a rhombus 


with an apex angle of 60°, it follows that Ө 
— Ж PV3 _p 
Ficfla—3cgs30 2) 8/2 


3. Particle Dynamics 


3.2. Let's direct the y-axis vertically downwards. The equation of 
motion may be written as follows: 

—F + mg = — та, —F 4 т = тї : 
where F is the tension of the string. Solving the system, we obtain 


the acceleration. and the tension. ox | 
3.3. The equations of motions for the case shown in Fig. 3.3 are of 


the form 
Q — Fy = mea, Fy = та 


from which we get 


Е = Qmil(mi + тз) 
1f the force is applied to the smaller body, 


become | 
F, = Qm (m + mg) > Fy 


the string tension would 
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5 both 
3.4. (1) If the monkey is at rest on the rope, the acceleration оГ are 
bodies wil] be the Same, equal to a,. The equations of mo 
Ру = Ma, mg — Fy = ma, 
Where F, is the tension of the rope. 
(2) If th 


" vith 
c monkey moves upwards with respect to the ropes the 
an acceleration b, the motion of both bodies will be differe 


Fig. 3.5b, 

А ; А 1 ап 
weight will move with an acceleration 45 and the monkey with ihe 
acceleration 2; =a, — b, пе equation of motions will assume 
form 

F= Mas, 


mg—p,-— mag. 
(3) The downward motion of the monkey with res ect to the rope 
with acceleration b is described by the same equations, one has only 
to change the Sign of p, . 

The downward acceleration of the monkey with respect to the rope 
cannot exceed the acceleration due to gravity, (Why?) Therefore 
аз >0 ed ou th “a 
3.5. The forces acting on the Weight are the Sravitational force mg 
and the tension of the thread F (Fig. 3.5b). The equation of motion is 


pias" forme mob, uus the clot the Eravitationa] force Mg, the 
reaction of the inclined plane О апа the tension wy the Oe d f n 
equation of motion is 


F — Mg sin а = Ma 


i lows. 
Hence the answer given fo ТР 
joe be seen that for m "Rd Sin æ the system WiD Ba. ары 
erated in the direction shown in Fig. 3-5b. For m< M sin & the accel 
eration will be reversed, and for m М sin « the System wil] move 
at the constant speed imparted to it initially, i 


°F remain at Test, 
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Sett ar cases of Problem 3.5. 


Setting Еа = x/2 we obtain the solution of Problem 3.2, and by 
3.6, Tiree for пе irst case of Problem 3.4 5 obti Q, the reac 
lo S ac D : i the ee. d o 
n of th on the rod: the reaction of the ТӨТ <3 Gb). The 


equation 


Not 
By © that Problems 3.2 and 3.4 are particul 


o guides F and the gravitational force ms 
motion (in the y-direction) is 


Cos —mog + Q созо = тәй; 
1 the reaction of 


es; ; 
the {aPondingly, three forces also act on the wedge: 
“Ble N, the gravitational force mg, and the reaction of the rod Q 


-20 
1 

«/ | 
F | 

>! Qsina 

Үт9 

т 

29 9 У @ соѕос 
Fig. 3.0b. Fig. 3.6c. 


(Fig. 3.6c). The equation of motion (in the x-direction) is 
—Q sina = mia; 
л Obtain the third equation, we compare the displacements of the 
Tod Ay = 1/2a, with that of the wedge Ac = 1/2a,t%, Since Ay = 
Az tana it follows that 
аз = a, tan а 
Then we solve the system of three equations with three unknowns. 
"7. The problem reduces to the solution of a system of four equations: 
—Q sin а = Mbx, —mg + Q cosa = may 
О зіп а = mas, ay = (—а + bx) tan a 
ered separately, but it 


The case of a fixed wedge may be conside: 
may also iT ‘obtained from the general case, if we put m< M. We 


obtain 
ах g sin ® cos 0, ау= — Е sin? a 
а= уаз tag — sina, = mg cos a. 


3.9. The elastic force Fe, = Е (1 — ly) imparts a centripetal accel- 


eration to the weight. 


9-0465 
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3.10. The forces actin 
and the lift F perpendi 
imparts a centripetal a 


g on the plane are the force of gravity B 
cular to the wing's plane. Their resultant i 
cceleration to the plane (Fig. 3.10). The ang'e 


Fig. 3.7b. 


= v? В 
of 1405 is œ = arctan т Where r is the radius of curvature of the 
path. 
3.11. The change in weight i i ‚ > 
sure to the gravity fee is determined as the Tatio of force of pres 


Nr pu 4, N v? 
3.12 The speed at the uppermost 


point of the path is v= v, — VgCOS с 
the normal acceleration i 


5 is equ 
to the acceleration due to gravi 
We have . 

v? v$ cos? q 
r= = 10008 0 


а E 


3.13. Suppose that an object is 
thrown in the direction of tho z-axis 
at an initial speed vo and that tho 
force of gravity imparts an ac- 
celeration g in the positive direc. Fig. 3:40 
tion of the y-axis to the object К 
(Fig. 3-13). Then the law of motion wil] assum 
d z= vot, у= 4f» pd € the form 
The equation for the path is obtained p imi 

205 і y eliminating the time: 

22 =- У' ie. the parameter p = vèle. ц e time: 


ma; 
figure that Y be seen from the 
PUERTA ————— 
= FERRI VIET, 


R= COS ы, у, 
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Subst; > 
кш; ы А 
We obtain = the results into the expression for the radius of curvature, 
s n 
just m p (14+ 


у 
The direct; CEN 
the tangent (5 Lion of the speed of a particle is just the direction of 
5 ЧН ү? its path. It may be seen from Fig. 3.13 that tan œ = 
Чона? рди? since b= айй 


tang 
When 


- 62108 = x/p 

ferentia, YOU have learned to dif- 

the 207 You will be able to solve 

in d faite using the derivative 
ollowing way*: 


tang — dy. 3 ( т? ) 


І 
d 
dja 
QN Oo А OQ O X c OS 


Y= h 4- vot cos В 


1 
Cog 818, трі В o0 re à 4 555 
& When the stone strikes the hill, Fig. 3.13 
B = bcosg, yg—h-— sinc 


aubstituting this into the law of motion we obtain the result sought. 


- The laws of motion of the first and of the second objects are 


mt, иу=Н—-у st? 


А 1 
ya= vot sin &—- 81 


= H/2. It follows that 


Tg = Vol COS 0, 
When they meet, = = l, У 


H i dd 
l — vet соза, rem M 5 Е, 2 


After some transforms we obtain the given answer. 


—— 


athematics courses the derivative is usually denoted 
stance, a — v'. However, this is not always con- 
ften not clear with respect to which variable the 
For this reason, if y — f (z), we shall denote the 


* In school m: 
by a stroke, for in 
venient, since it is О 
derivative is taken: 


y 
derivative by 5; * 


9* 
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ith 
3.17. Suppose we assume the contrary, namely, that the body iy 
greater mass falls at a greater speed. Suppose we have two bodi ice 
different masses. Then the body with the greater mass falls more qu the 
ly than the body with the smaller mass. Join both bodies. n jg 
mass of the composite body is equal to the sum of the masses р М 
added, the composite body should fall more quickly than the Dy 
On the other hand, since the lighter body supposedly has the prope "M 
of falling slowly, it should slow down the motion of the compl 
body, and the bodies joined together should fall more slowly th 
the first body. ^ 
The resulting contradiction 
tradictions arise, if we ass 
masses fall in the same w 


disproves our assumption. No con- 
ume that all bodies independently of thar 
ау, and experiment shows this to be true 


4. Gravitation. Electrical Forces 
4.4. The force ratio sought is 


го E үт М, А ynMa M, 


T. z 3 > = ors 2 2 
Ф RS Re Mah? 


The reason that the Moon is a satellite of the Earth despite the 
fact that the Sun's gravitational attraction is twice 
in the initial conditions, the Moon's initial 
coordinate and initial velocity at the time the 
Moon found itself in the gravitational fields 
of both bodies (see 8 8.2). 

4.9. Equilibrium will be established, if the 
resultant of the electric force F, the force of 
gravity P = mg and the tension of the thread T 
is zero (Fig. 4.9). Hence F = p tan a. Substi- 
tuting the value of the electric force, we obtain 
after some transformations: 


Q—24—2 Y лот tana Тт 


. If the charges are placed asin Fig. 4.10; 

АО ја intensity in the centro or the md 
n zero. 

will bas charges are placed as in Fig. 4.10b 


ue to the individual 


Fig. 4.9, 


Points (Fig. 4.111. рта length that 


€ projection 
e conductor will be Sment on the axis of sym- 


Aq cosa Ад-х X 
T = 9-2 
AEx = — 4negrt Angor? 


neg (a2 x2)3/2 
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t that the field is directed 
the projections 
ts of the con- 


Fro, 

Tn consi + 

que ihe sa tations of symmetry it is eviden 

d he field inten | that the field intensity is the sum of 
nsities set up by the individual segmen 


4400г. 
S. First 
m fi n 
meri Warna, Hun deen pee distance. The mass of опе cubic 
kg, a kilomole of water (18 kg) contains 6.0 X 
f water contains N= 


molec 
ules. Therefore one cubic meter o 


Fig. 4.10b. 


Fig. 4.10a. 
б " 
between 1026 x 103/18 = 3.3 X 4028 molecules. Then the distance 
the water molecules is 
s Ыз EAR 
Th dA NV усте с x 10777 
9 force of interaction is 


on the rces in the direction of the z-axis acting 
electro electron (we neglect the force of gravity), "x — const, and the 
electr, n transit time in the field is £ = Llvx. The force acting on the 
to the: in the direction of the y-axis 15 y = —eE. This force imparts 
velo е electron an acceleration 4y — —eE/m. The projection of the 
city on the y-axis varies with time according to the equation 

of the electron’s exit from the field we 


v= 
a ei i 
Шув oy + ayt. At the point 
Ux tan B= vx tan о — ЕГ ‚ from which v% (tan о — tan В) = "e 
x 


Since v, = ро cos a, We obtain 

và cos? о (tan a, —tan В) - eED/m 

4.14. No forces act оп the electron in the direction of the x-axis 

(Fig. 4.14), and the projection of its velocity on this axis does not 

change with time: Uy = Vo = const. While the electron moves in the 
0 х РЕ acts on it in the direction of the y-axis. This 


field, a force Fy 
causes a displacement of the electron 
at® eEl? 


k= = 
2 Qmve 
2 2mvg 
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its speed in the y-direction being 
vy = at — eEl/mvg 


The electron leaves the field at an angle determined from the 


condition 
v, eEl 
tang=—¥ = ы 
Ux mus 


its subsequent motion being inertial, As may be seen from the figures 


d=h+Ltana, or ee EEU 
2mvz тоў 
from which 


Ea "Wid 
el (L+-172) 
4-15. No forces act on the electron in the z-direction and it moves 
along this axis at a constant speed "x = vg cosa. In the y-direction 
a force Fy = —eE acts оп the elect- 
ron, and jt moves with an accelera- 
tion a, = —eE/m; its instantaneous 
velocity is 


Vy == v9Sin &-l-a eEt 


m 


yl = vo sing — 


To prevent the electron 
upwards from striking the 
plate, a field has to he 
that would in time 
vertical velocity component, to zero 
and would guarantee the condition 
hy < h. But 2a,h 2 


pier emt —ь (see Prob- 
lem 1.9); therefore 


moving 
u 

established 

tı reduce the 


08у 08 Sin? g 
— е 


[а = Эһ p 
Ience, the first condition may bo 
mias in the form. | 
E> mvs sin? о 


2eh 
The time the electron moves upwards 


; "nwards will be th a, 
Р t moves downwar ip 5 Same (Prove үр, йу 
it from striking the [uo Plate it must be made tel): To prevent 
this time a distance in the z-direction exceeding the Jep el during 
ito, ie. х= 2v 7 1. Hence ength of the 
plate, i.e. 


is 4 — | —"osinc 
—— 


тһе 


—2v$ sina cosa 
200 sin cosa 


а, 
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and thi 
e seco " 
nd condition assumes the form 


2mv$ sin о cos € 
el 


E< 


Fig. 4.14. 


Combini 
ining both solutions we obtain the result sought. 


sai 5. Friction 
Here d us go over to the reference frame connected with the platform. 
е initial speed of the body is —vo and the final is zero. We have 
0—(— 2o) _ Yo 


T umg 
a= —= = = 
m m ne 7 a ng 


ат? 
z= —Ut+ 3 7 — 33 


5. 
> (D Tf the monkey is at rest with respect to the rope, 
otion are of the form 
whi F,— pMg = Ma, mg — Fy = may 
Ncc the answer sought. The solution is meaningful if m > pM. 
en т< uM, а = 0 an Fy = mg. 
í (2) If the monkey moves upwards with respect to the rope with 
n acceleration b, the equations of motion assume the form 
F, — p Mg = Ma, mg— Ез = т (as — b) 


The solution is meaningful if Mg < m (g-- b). In the contrary case 
аз = 0, аз = —0, Р. = mgt b). 
(3) If the monkey moves downwards 


an acceleration 5, the sign of b in the 
poro case p DEO с 

„3. Since the force o sliding friction 7 is opposite in di ? 

vg the Rr etc th result wil b essentially depender 

on the initial direction of the block velocity. Consider all the Possit] 

e 


the equations 


with respect to the rope with 
equations of motion for the 


cases. 
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А б wards 
(1) Let the initial velocity of the weight be directed down 


(Fig. 5.3a). The equations of motion will be of the form 
mg — F — ma 
F—T—Mgsing = Ma, where Т = pQ = pMg cos ® 
Непсе 


; a 
T m — M (sin «+p cos o) . mMg (1-|- sin æ- H C05 ) 
а= a 


m--M y PS m4 M 


tem 
If m > М (sin a+ p cos à), then a > 0 and the speed of Ше рза 
increases. If m < M (sin c 4- u соз a), then a <0, and t 


^ 
A 
E 


Fig. 5.3a. Fig. 5.3b. 
of the system decreases. 


Lastly, when m — i 1 cos 9), 
We (ENTE E tU ые 


(2) Let the initial velocity of the wej ht i ipwards 
(Fig. 5.3b). Then, as may easily be inferred, bo есш Шр 

m —M (sin ®—ц cos a) > АМЕ (4-+-sin o "m 
j mM , P= "МЕЙ зіп a—p cos d) 


m--M 

If m > M (sina — u cos a), the А 
system decreases. If m < Mud Pe d die Spean dE = 
the speed of the system increases, Lastly, if m — M len a <0, а) 
then а = 0, and the system moves ata constant ing — p GOS) cn 
(3) Finally, let the system be at rest. Then a spee ы — 

tion will act between the block and the Г linea orca of static fr 
a an which aha азе its direction 

i bsence of friction. If m >M si m would mo 
ui кре moves upwards. Therefore the" the bloc in the. absence 
directed downwards, as in Fig, 5.3. If EE са inem us 
the absence of friction moves downwards, and for this A em фе 

3b 


а= 


4 iction is directed upward: i i 
of static fric n upwards, as in Fig. 5 
force one analyses the two preceding cases, one сай easily see that 
for m > M (sin «t H Соз о) the block will move Up the incli а! 
Pado with an acceleration; for m < M (sin а — р cos о) ncline 


it will move 


Motion and Forces 137 


down the i 
6 а 
2. plane with an acceleration; while for 
sina — p cos a) < m < M (sin æ + p cos &) 


the 
М cp remain at rest 
t a i ў 
equation of anon or motion of the rod will remain unaltered; in the 
esence of the з of the wedge one should take into account the 
orce of kinetic friction 7 = Н (Q cos а + m8), 


Fig. 5.4. 


cceleration (Fig. 5.4). Thus 
—Q sin « + H (Q cos æ + туй) = тах 


noting that ay = aytan а, We obtain 


cos а |-и Sin a) 


direc 

cted opposite to the а 

in + Q cos а = тәй, 
er some transformations, 


Q түтөй ( 
m, cos* PENES sin? a — JU?! a sin @ cos & 
— moe Hu cota ms--m 
MEE <0 
m; cot a+ m tan о — pma 
—m,g tan & я ma-|- m 
ay= 2 не (ms 1) 20 
m; СОЁ ® fom, tan & — puny 
e when 


The solution makes sens 
m; cot æ -+ Me tan @ > итә, 
It follows from the second inequality that 
tane p (ma та) 
то 


and, tana < nami) 
] = ns , then a4 = 0, a, = 


mg tanc > А (my + ту) 


If, on the other h 
0 


__ mE 
and О —gosa' 
5.5. The equation 
and 5.5b) Q si 

—Q sina T = 
+ Tcosa= Mb, 


pma — 7 603 0 = та, 
Qs æ —mg +Q cosa + T si 
T sino ma 
н 


s of motion will assume 
а the form (s i 
ee Fig. 5.5a 
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Solutions 


"y = (~as + ba) tana, T= һо 


Непсе 
= mMg cosa 
Os M-+msing (зіла р соз а) 
Mg созо. (зіп &— cos о) 
4=7 


И --msina (ѕіп %— cos a) 
by = — _ ТЕ COS & (sin 9 — |t cos о) 
pem M -- msin c (sin &—p cos a) 
(M+-m) gsing (sin a—p cos a) 
= _ M¥msina(sina—peosay— 
The block can eith 


he wedge, or remain Sas 
t can slide down if E ; ke. if tana > р. In this 


er slide down t 
ina > pcos a 


Д 
3 


Mg 


О sin о = max, —mg + Q соз a = ma 


v —Овїпо-Ь T= Mb; 
= p ( созо + Mg) 


ay = (—4 + b4) tan a, 
m which 
fro - M mg (cos 04-и sin о) 
qe M-Emsin c (sin ор cos о) 


—.. Mg sin € (cos a+- u sin о) 
а 17 Чт віп о (sin о — p cos а) 
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ay _ (M em) gsing (sin @— р cos @) 
M-m sin а (sin а — p COs a) 
mg (cos @+psin а) (sin о: — H cos a) 
Since в M 4- m sin ® (sin аи cos а) 
х< 0 (explain why), it follows that 
(sin &—1 cos 0) 
Zp cos &) 


by = ра — 


ug < E (cos a+ p sin о) 
Hence айы M 4- тіп ® (sin & 
Meaningful iy simple transformations we obtain that our solution 
in conditions when 

T. т зїп c cos € 

In this M--m cos? 0 
case the expression 
sin a—p cos € > Mane. 
M-p mcos œ 
blem's idea. 


and c 
onsequently a, < 0, which agrees with the pro 


Fig. 5.7a. 


3 m sin с cos & 
If it turns out that p = TT or costa! then b= 0, iie. 


the wed. " ETT 

‘he wedge will move on the table at the initial speed vo (or remai 

stationary, if vo = 0). In this case »( каш 
; M sinc ; (M -- m 5 

sin о — p cos 4 = ч cosa pi айй o co Ee n enses 

Mp т соз? а МО т соза 


from which 
О = mg cosa 


ах = Е Sin ® COS Ms ау= —g зіп? а, a аа : 
y —gsina 


5.7. Since the block does not slide on th ade 
the force of kinetic friction is not known he wedge, the directi 
. Evidently, if ction of 
; if the acceler: 
а- 
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Solutions 
= 8ојщі 


ction changes sign (see Fig. 5.7b). 9 
F d joie the coordinate axes 
y-axis: Q cosa + Tsing — mg = 0, 
z-axis: Q sina — T cos & == тау, 

Noting that T = HQ, we obtain aft 


; =0 
Q cos a — T sina — mg: 
Qsina+ Tosa = mag 
er some transformations: 


tana—p tang+ p 
ау= ше @—Ш_ = 
э: i+ptang > @=Е 1—ptanc 


Writing u = tan » We obtain g tan (x — o) < < g tan (a+ Ф). 
5.8. In the case the K 96,4, 


о ) А 
object doesn't slide off the disk, it will rotate with 


Fig. 5.8. 


[ angular speed as the disk. The centripetal acceleration 15 
imparted to the object by the force of static friction (Fig. 5.8). We 


mo'r<ustatme, whence p < pstaty jos 
5.9. The motorcyclist will not slip, if the for inetic friction is 
equal to the force of р, огсе of kinetic friction 


avity acting on him. А i es 
"pr pene, E g s the motorcyclist mov 


S e motorcycle presses a ainst it, and tion 
imparts to him the centripeta] accelerations a апа the reac 
is of the form 


e equation of motion 


Piers 
where the force of friction p HN and the reaction y = таг. 
Непсе 

о > Lm 


i ject is at r t, the di i icti 

5.10. Since the object est, the direction of the force of friction 

is not known. For this reason we shall imagine the angular velocity 

to be Gecrensan amit | direst Starfa sliding downwards. The force 
friction wi he ed as shown in Fig. 5.10b. Th. ati 

of bro wia Шев be pire [4 е equations 


N sin & — T cos 


€ = mo*R sing 
N cosa + T gi 


na—mg=0 
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Where 

T Stat 
D = B е 
| N. Hence putting jp = tanq we obtain after 


Some gj 
si 
mple transformations 


———— 
ies / gn (a —9) 

Rsing 
to be increased, SO that 


Su 
tion of the force of 


t Ppose we i ; 
he object eine imagine the angular velocity 
slarts sliding upwards. Then the direc 


Fig. 5.10b. Fig. 5.10. 


fricti , 
ction will change sign (Fig- 5.10c), and the equations of motion 


Will assume the form 
N sin &-4- T cos ® 
N cos @— T sin a—mg=0 
т= ра = N tan 9 


from which we get 
you 
gas y= (Ф) 
Rsin æ 


in equilibrium if 


4 / gtan («—9) к tan (910) 
y EX. e VALLI IM 


Rsinc 


= mor sin & 


Thus the body will be 


aye ора {С ecg, du. i tene < 1512, the object will not 

AS a MISI when the bowl stops rotating. 

qustat = particular case of the solution when static friction is absent 

M tee at a ф = 0) equilibrium will be established when the bowl 
an angular velocity © 


— 3 
==} g/R cos & 
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5.11. The centripetal acceleration of the motorcyclist is due to the 
force of friction, therefore umg = mv?/p, Hence 


roug 


$ nr3pg— $ ar Pog — благо 4 arpa 


(1) To find the Stationary speed put the acceleration equal to zero 
= 218 (P—po) 24у 1075 x 9.81 X 1.32 x 103 = 
i Np = 9x 5.02 x 10-2 m 
= 0.227 m/s — 23 cm/s 
The Reynolds number js 
— Por 1.21% 103 X 2.3 10-1 x 2 x 10-3 = 
Вв а 5.02 x 107 ‚мш 
For such small Reynolds nu 
e initial acceleration may be obtai 
of motion by putting the sp 
(b= pie = (2-53—1.21) x 9.81 
С а 3:58 = 


(3) Making the approximation that the a 
equal to one half of the 


Ї ў e sum of the initial and fina accelerations, we 
obtain the time in which a stationary Speed j ished: 


=5.1 m/s? 


v 2 .93. 
Tig Lu 0.282 ==9%40-а 5 
@ay ag Гат торна 
E to this time is 
бау? „арт! _ 5.4 x Bl xc 40-4 
ME NE mL i —107 mcm 
518, From the law of notion (sco the previous Problem) we obtain 
the law of the variation of acceleration with speed: 
@= 5.40 — 22,5» 
For small time intervals (At — 0.02 s) 


Un vga Gn ,AL 


The displacement correspondin, 
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We с 
ап now 
them it zug be ee Table 5.13 and draw the graph (Fig. 5.13). From 
ansient man that the stationary speet is v = 0.227 m/s, the 
15 t= 0.22 s (compare with the answer to Prob- 


»,m/s| a, m/s2 


7192 Q4 0.06 008 0.10 0.12 0И $76 0.18 0.20 1,5 


vig. 5.13. 


n based on the assumption of 


ximate solutio: 
ssed). 


le 
m 5.12, where an appro 
tion was discu 


uni 
iformly accelerated mo 
Table 5.13 


a, m/s? 


ý | ts v, m/s | a, m/s? n í, 5 v, m/s 
0 

0.00 | 0.000 5.10 6 0.12 | 0.220 0.15 
А 0:02 | 0.102 | 2.80 $ ома | 0.223 | 0-08 
2 | 0.04 | 0.158 | 1-54 7 оч | 0-225 | 0-06 
3 | 0.06 | 0.189 | 0-84 8 ois | 0.226 | 0.01 
% luos o2 | 047 | 10 0.20 | 0.226 | 0-01 
Р 0.10 | 0.215 | 0.26 44 | 0-22 0.227 | 0.00 


reater than that 


5.14. The densit; i i c 

5 y of the dust articles p is much g : 

of ale po, therefore the е dimedes force may be neglected. Since the 

LEON dE settling of the dust particles is small, it may be calculated on 
e basis of Stokes’ law. We have for the case oi stationary speed 


x 9x 10-10 x 2x 109 X 9-81 _ 9.2 xia 
951.8 х 107° 


2r2pg 2 
9n 
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Solutions 


The Reynolds number is 


Porr 1.3 x 0.2 x3 x 10-5 
Не ten 1.8 х 10-5 - 
and this is still inside the range where Stokes’ law may be applied. 
The settling time of the dust particles is 
1 2.8 


та 702515 5 


22 0.4 


tions show (see § 11.9 of the “Fundamentals 


s inapplicable and that the 
orce of resistance should be cal 


culated from the formula R = 
= 1/2 CSp v2. The Stationary speed is 


s= 2mg - ў 8rpg 
Е CSP — 3Cp, 


5.16. It follows from the formula а= E. = 5.10 — 22.5v (see the 
solution of Problem 5.13) that 


= = -22.5¢ 
et Miis dt, v— 0.227 (4 — e-2 ) 

Compare the result obtained with the speed calculated with the 
aid of numerical methods, 


6. Theory of Relativity 


6.1. Suppose that in the Course of motion with Tespect to some frame 
of reference the lateral dimensions of a bo Y change, for instance, 
become smaller. Let there be a close fit of the rod and the hole in 


Fig. 6.1a. Fig. 6.1b. 


Fig. 6.1c. 
board in some reference frame (Fig. 6.12). No 
Dess to the board and let the rod Move in it Hos б ыо огедсе 
according to our assumption about th : en, 


e decrease į Ph 
sions, the rod will pass freely through the hole. irs latera] dimen- 


X the reference 
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fr 
ase о the rod, the dimensions of the hole will, according to our 

ig PE decrease. and the rod will be unable to Dass through it 
the dec с). The resulting contradiction proves the assumption about 
from e P in the lateral dimensions to be wrong. The result follows 
6.2. Th 9 Lorentz transformations. 

* The relative error is 

_ Че иге! __ (u--v) (1 --uvfc?) __ (= LU 


ll vel и-и є* 
6.3, u = U.99000c — 0.990007 4.98000¢ 
= em 1 
1-- 0.990002 = 1.98010 


10x 1075 a Re Р 
= (4 MUCWTTy e= (1—5-05 x 107° c = 0.99995c 
(! sens )* (E54 ) 
Pi The discussion is free from errors, and the value obtained for the 
istic of approach и is correct. But this does not disprove the relati v- 
is th formula for the addition of velocities. The crux of the matter 
addi at when talking of velocities being added we do not mean the 
E ition of these velocities in the given reference frame, but the cal- 
‘ulation of the velocity of the same object in another reference frame. 
эз example, the velocity with which the right-hand object moves 
left тош the left-hand object in the ponent d e | es 
"пап ject i inter . To find it let's use th 
object is of interest to us WA сө da 


rame fixed to the left-hand object. We have u' = 
he new frame of reference both the distance and the course of the 


me experience changes. It follows from the Lorentz transformations 
a 


ү? 

Айз At-- venie = 
ШЕ 

м 
у= 
Непсе 
, AU AL u Em 1-05 
=A E 12-vivs/c* 


ut —— = — —ATLL LG 
At’ At dp uybe/e" 


We have thus obtained the relativistic formul 


of velocities, as was to be expected. | М mes 
6.5. Suppose a substance approaches the light source with a velocity v. 
the addition of velocities, we obtain 


Then, according to the formula for 
ute cinte 
ERE E. 


w =- 
4 urle? E, 


a for the addition 


10-0465 
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————______Solttims SSS Oo 


If the substance moves away from the light source, then 


п cÍ/n—v 

p 1—v/en 

The time the light takes to travel with the fluid stream is 
t= 2! _ 21 (1—vjen) 
di inh = 


и! 
6.6. 


The time light travels against the Stream is 


—-21 _ W(14v/en) 
a= c[n--v 
The time difference is 


т=р= чит [(1-4) (+) 
~(i) (1—1/n2) 


(c/n)? — v? 
Noting that c/n >v we obtain t = 50 (n? — 1). 


6.7 1 ото 0.99 x 3.0 x 108 x 2.6 x 10-8 
d. = VT = t = 

bi V 102702 V1—039* 

9:99 3-0 2-6_0.99x3.0%2.6_ 5. " 
ES V0.0tx1.99 —— 0.1 x 1.41 


== vto = 0.99 x 3.0 x 408 X2.6x 10-85— 7.7 m 


1 VIZ a 
= purs yr a 
6.8. T — c VI oe Sos 


—_3 105 VT—0, 9982 = 16-877 
.. 0.998 x 3 x 108 


BOVERI в азер. 

0.998 

ame Po = туу, in all others pm 

YT ı the volume 
V=Az-Ay-Ar= Az, 

The density 


= m/V. The mass m = 


“Ayo Aza V 1— 22/3 — Vo V Trze 


6.11. t; — tı = 0, for in the given reference frame both events take 

place simultaneously. In an arbitrary Inertial reference fi 
" tat eau le? ty) —шур/са _ lv 

Exi ар RR __ 

т=ь—1| V 10370 с? о 
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ame. The sign of the 


wh ; 
‘here v is the velocity of the new reference fr: à 
i.e. on the direc- 


time i n 

ion Кем depends on the sign of the velocity г, 
motion of the reference frame. 

d from the formula ($13-2) 


6.12, T 


+12. The electron velocity may be foun 
bt 

Pu 

y i4 0210/0 


H " ‘ 
lere b = Ету = eE/mp. For an electron e= 1.6 X 10-19 С, 


та — 9.1 x 10-9 kg. We have 
1.6 x 10719 x 3.0 105.5 зу 1017 m/s*, 
9.1x 10731 
ы 5.31017 X 10% _ 1.76 
= 3.0 x 108 
5.351017 х 1079 5.3 X 10" 26у 105 m/s 


u bt 
Tii 763 2. 


Viere y 1T+1.76° 


b= 


7 


If there is no relativistic mass increase, the electron velocity 


т 
aches the value 
TU 


mo 9.1 x 107?! 


=5.3 x 108 m/s 


i.e. the velocity computed with the aid of the formulas of Newtonian 
(песћапісе excweds the maximum, velocity. А 

Us Since the force is perpendicular to the path, the magnitude of 
(Fi momentum does not change 
к d 6.13), |р, | = | Pel = p (see 
ol 0.4 and 18.1). The magnitude 
| iod momentum's variation 1$ 
force is p | Ag 1. The normal 


By lel 
At 


A 
p IL po 


mv? 


= тог --——— 


Fig. 6.13. 


Formally, we have obtained the 
Same result as in the case of the 
nonrelativistic motion of a particle in а circular path (see § 7.2). 
However, in the relativistic case the expression for the force contains 
the relativistic mass. Thus, in the particular case (the force is per- 
pendiculas to the path) the relativistic approach produces formally 
the same result as the classical approach, although in general the 
second law of Newton in the form P = me is not valid for rela- 
tivistic motion. 


10* 
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Solutions —— 


: ject. In 
6.14. Consider the case of a constant force acting on the object 
this case the expression 
mo dv 
F=ma=— 7o dv 
ma Vicca dt 
reduces to the expression 


where 2» is the time derivative of 


Р t. 
the velocity, b = F/mg is a constan 
It may easily 


А А es 

be seen that the equation for the derivative becom 

В А " is ШЕ 

an identity, if one puts v — c sin —. 
c 


dv _ 
Indeed, in this case at 


ий. 
=b cos E, ИТ = cos w, consequently а =b ут ve 
But the result obtained for th 


E " 3 З ter 
- A T e velocity is meaningless since af 
a finite time interval 


the velocity of t ill be equal to the velocity of light in 
а vacuum, and this 18 in con 

6-15. The length of a Tod moving with Tespect to the reference frame 
is l= vt, Where i i i 


1 : lbo = vr. 

A TE ә — 
Hence, us == VI, therefore l=ly V dva, 
which is the 


Same result as is given by the Lorentz transformation- 


7. The Law of Conservation of Momentum. Centre of Mass 
7.1. Take the Coordinate a 


аке Xis to coincide with the direction ofthe 
bullet's ШЕН. Let the mass of the bullet be т and the mass ofthe 
block be M. У the law о conservation of momentum mp = (M + m) и, 
where v and u are the Projections of the velocity of the bullet and of 
the block after it is hit by the bullet. A force of fricti 

sliding block in the о i i 


ч TIM + m) = 
rest after travelling a distances iua» 
Sad , 
ar ?hgL Hence 
UL Vr 
Substituting numerical values and noting that 


i ы d m« А 
the value of the velocity citeq in the answer, < м, we obtain 
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7.2. We shall solve the problem in the reference frame of the Earth. 
The z-projection of the projectile's velocity in this frame, by the 
classical formula for the addition of velocities, is u- v cos y. From 
the law of conservation of momentum it follows 

(M + m) V = Mu + m (и -- с cos a) 


from which 


те (Mm) V— mr cosa 
n M--m 


The flatcar will stop after it fired the round, if its speed prior to 


the firing is V = mv COS & 
Л т 


7.3. Using the fact that the centre of mass remains at rest, we obtain 


m (l — х) = Mz 


_ Hence the displacement of the boat cited in the answer. 
7.5. (a) Using the Tsiolkovsky lormula, we obtain the final speed of 
the first stage: 

v, = 2.3u log (M/M) = 2.3 X 4 X log (160/70) 

Hence гү = 3.3 km/s. 

The mass of the second stage is Mos = 160 — 90 — 30 — 40 tons, 
28 tons of which is the mass of the fuel. Note that the Tsiolkovsky 
fermula includes the increase in speed. Since the initial velocity of 
the second stage coincides with the final velocity of the first stage, 
the Tsiolkovsky formula for the second stage of the rocket will assume 


the form 
525-23] Met or neni Baxdxdog (0 12) 


Hence v, — 8.1 km/s. 
(b) If the rocket is a single-stage rocket, and the amount of fuel 


consumed is 90 + 28 = 118 tons, its final mass will be 160 — 118 = 
= 42 tons and its final speed, according to the Tsiolkovsky formula, 


v= 2.3 x 4 X log (160/42) = 5.3 km/s 


T Evidently, the two-stage rocket is more elficient—lor the same 
TE] of fuel burnt it accelerates the spacecraft to a much greater 
7.6. The equation (15.7) from § 15.5 in differential form is 


—m dv = u dm 
Integrating, we obtain 


M т M 
dm 1 ver M 
= ( =— f dv, from which п r 
Jom “a. 
Mo E^ 
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Solutions 
—-— Soltions SSO 


rust 
7.7. As long as the fuel consumption remains constant, the thi 
F = —pu remains constant too. 


fue. 
At the same time as the mass of 
decreases due to its 


T 4 [| ases. 
Consumption, the rocket's acceleration incre 
Because of that the overload 


N a-c-g 
EN g 


increases, too. one 
7.8. Yes, they can, for instance, by running periodically from 
end of the car to the oth ack. 

7.9. Imagine the triangle cut i 


oreover, noting t| 


Shown in the figures, is the axis ofsymmetry 
of the plate, we may conclude that the cen- 
ire of mass lies on this axis, i.e. that Yo= 
20 == 0. Then the solution may be obtained 


;10b). The centre of mass of Fig. 7.9. 


igin, i.e. 2 = 


1, the centre of mass of the 
entre of symmet 


Ty, i.e. at a distance T = 


Fig. 7.10c, 


from the origin. The masses of those bi 


Odies аге m, — 6 x 3/2— 9 

—6x10—2x9—4 conventional uni rdi 

n "ot the centre of mass js ТРЕ 
m324- тат, =N 

Ll EN E Dy ен 


93 1--42» 5 
GE 4 


my-+ ms ES 


——— Conservation Laws 151 


sum of two bodies, a rec- 


Secon 

па 

tangle E ec Consider the plate as a 
= м козу Ha 60 units and a triangle of negative mass m, — 
Centres of ( ig. 7.10c). The coordinates of their 

mass are zy = 5 and ту = 9. We have 


acc А 
Ording to the definition 


tom зат, — 60X5—-9X9 43 
N Mac ma 609 
at н 
result. urally, both methods produce the same р 2 


742. Divi 
find Divide the radius into 10 equal parts and 
t 


stripe comdinates of the centres of mass of the 
taxis eee 1.12). АП of them lie on the 
ond column coordinates being shown in the sec- 
mn of Table 7.12. Since we assume the Fig. 7.12 


Plate to 
о be unifi ip i 
Proportional to йу АШ - of each strip is 
m, © Sp = 2ArT, 
—— Table 7.12 
) 0.05 | 0.0025 | 0.9975 | 0.909 | 0.050 | 0. 
3 O.i5 | 0.0225 | 0.9775 | 0-989 0.148 А 
4 0:25 | 0.0625 | 0.9375 | 0.968 0.242 +25 
5 0.35 | 0.1225 | 0.8775 | 0.936 0.328 .307 
H 0.45 | 0.2025 | 0.7975 | 0.893 0.402 +359 
7 0.55 | 0.3025 | 0.0975 | 0.835 0.459 ; 
8 0.05 | 0.4225 | 0.5775 | 0-70 0.494 .316 
9 0.75 | 0.5625 | 0.4375 | 0.661 0.496 } 
10 0:85 | 0.7225 | 0.2775 | 0.926 0.448 : 
0.95 | 0.9025 | 0.0975 | 0.312 0.296 .09: 
Total 3.363 | 2.514 


wh / 
to the Ar=0.1. Now the product of the segments of a chord is equal 

product of the segments of the diameter, i.e. 

To d А rea (1а) (02-28) = 1— 75 

etermine the position of the centre of mass compute 

Sari Soot +++ -- $0710 

5.458: ve +510 
Мао ДЕ ьа Еа)... 04% 3.363 

л/2 =e =().428 


te= 
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Hence, the coordinate of the centri 
= 0.428R 


A " ch. 
7.13. Divide the hemisphere into 10 "slices" Az = 0.1 thick ea 
The mass of a "slice" і 


is propor- 
tional to its volume: - 


; T те еш 
e of inertia of a semicircle is zc 


mg С Va —arRAr 
The coordinate of the centre 
OÍ mass is 


10 = Vizi + Var,- Ба ГЫЛТ == 
Vit V... c Vio 
RA (riz, е, 


ed +++ юз) = 
= 2л/3 


= 0.150 (rizi -- riz, 4- ... + riori) 


Substituting the data contained , 
in the last column of Table 7.12, we obtain 


те == 0.150 x 2.514R — 0.376 
7.14. Divide the cone into 10 


"slices" Az — 0.1 thick, as was done in 
the preceding case. The mass of each slice is 


My © Vn=nAr.r = T$ tan? g. Ar 
The coordinate of the centre of mass is 


Viti + Vore... ЕЁ = Itan? a. Ar (х}--а4$-Ь...--гй) 
У en isa 
770.300 (x24 24... fo) 
The results of the com 


Putation are combined in Table 7.14. The 
coordinate of the centre of inertia is Ze = 0.3 X 2.5h = 0.75. 


Table 7.14 
SERIE е 


Fig. 7.14. 


E] 
n 


n 
1 0.05 0.1255: 10-a 
2 0.15 3.375x 10-3 
3 0.25 15.6255: 10-3 
4 0.35 42.875 x 10-3 
5 0.45 91.1255: 10-5 
6 0.55 166.375% 10-3 
7 0.65 274.625 >10-з 
8 0.75 421.8755: 10-a 
9 0.85 614.1255: 10-2 
10 0.95 


857.3753 10-3 


Total | 2487.500x10-3_ 3.5 
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745 
* (a) For a semicircle 
R 


ЕРЕК 27 | 

Б c—nzR3, 

Ut fr 9 

that on the equation for a circumference 
z= —y dy. We have 


2yz йт 


e 22 0 = R? it follows 


0 
R 
fees 2 & t Ara в 4R 
za (—2y? dy) = трт y ich ah =0.424R 
0 
г of ®= (0.428 — 


The | 
ы: КОЛУ СҮ computation produced an erro 
b) 110.424 = 0.94% « 1% 
ог a hemisphere 


R R 
т 3 д 17а 3R 
CES 3 з Py Т 22 -0.375R. 
° Eus | tds = уңу — 90: {р В 
0 0 
(0.376 — 


The numerical computation produced an error of ё = 


— 0.375)/0.3 
.375 0 
(c) For a ра 


Р h 
Sox 3 
FTPA у= | nz? tan? a-t dz — 


3 h 
Eee П 2 


c= 
лАЗ tan? a 
0 


0 


Тһе numeri і h e result. 
ical computation gave the sam , | 
7.16. The position of The centre of mass (Fig. 1.10) is determined 


Tom 
Donog e condition тугі = ae 
rom ire pork г, = R we obtain v, 
he fundamental e uation 0 
ynamics: q : " 
1 

my? à т, Pig 
d NEM, (LO LE турз утта [^ " 

"n R ' "Ya = R3 2 


= Dividing the equality туйт = Fig. 7.16. 
= турут, by тагу = mars We obtain 

MPO ovi | 
FP from which it follows that both objects rev 
centre of mass with the same period 
2лг 
EL 


olve about the 


2лг» 
E. 


т=— D 
R s и 
educe the fundamental equation of dynamics to the form 
ve An? үт» po 4 0m 
AE, Eo m$ На 


Sar = 
"a T? Ren. тї 
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Solutions ———— 


whence 


Fry — үт»Т?/&д?, 


B?r, = ym,T?/4n? 
Adding both equalities, 


we obtain 
з Y(m,-- my) 
as 4n? dus 

This is the desired expression for the generalized third Kepler la 


Ts 


8. Total and Kinetic Energy 
8.2. It follows from K = 


Eo that € = 2¢,, or ИТ а = 1/2. 
Hence 
v—c V 3/2—2.6 x108 m/s 
8.3. The electron mass is 
— mo mo 10m 


——[=—_ = _ 2. 56m 
Y 1—0.927 Y 1.925: 0:08 y 15.3 
Therefore the total energy is g — 2.566, and the kinetic energy 
К= €—$,— 1.56, 
The momentum is 
Р=ти= 2.56% 9.1 x 10-1 X 0.92 x 3.0 x 108 = 6,4 x 19-28 kg. m/s 

8.4. The total energy is € = к = 10, entum 
my be found from the relati. T 7 0:94 GeV. The mom 


о: 
1 - уи 
P= VEE = > УИК ку 
1 ТОЛОН А И 
ил 10 x 11.88 X 1.67 X 10-20 
= 10-9 x 1.6 x 10-10 
ОООО BOXI — 75.8 X 10-18 kg. m/s 


re acy assume that 
pa 40564 85c 46-10 


i - 3.0 x 108 — == 5.3 x 10-18 kg-m/s 
The error will be 
e=(5.8—5.3)/5.8 = 5% 
The velocity may be found from the relation 
шу ңү > 
(00 nem 77493 0.92 
8.6. The relative error is 
a=) Krei Z Ko 
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Dena 
enoting B = u/c and noting that mo/m = VA—B, we obtain 
so 2 ст _,_ BVIE ГЕЗ Y 18) 
2(—1—B) 2(i—1+ B*) 
„Бар УТ 


1 


8, з 
Ba 0 = у 2PWCSp. 
е the weight moves along ап inclined plane at constant speed, 
power is 
P= 
(P+ T) v= mgv (sin æ+ H СОЗ а) = тар (sin a-+ tan pcos a) 
__ тар sin (04-9) 


z cos Фф 


si 
Where tan p= p. The speed 


_ P cos 9 
v= "mg sin (2-0) 
л 


4, Le, ifa + ors: Hence 


Will be at its minimum if sin (æ + Ф) = 


л 1 
= —— —arctan p= arctan — 
m в E 


8.10. Noting that Ко = 0 we see that the work of the electrical forces 


i 
8 equal to the ultimate kinetic energy: 
К = А -eEl 


(1) The nonrelativistic case: 1/2mqu? = eEl, hence 


u= V 2eEl/mo 
(2) The relativistic case: V 68+ РС — Go = eEl. 


2420? 
рал ові (284E), от qm CU (260+ e281). 


e obtain 


Hence 


After some simple transformations w 
ее 
с V eEL (2% 3- eED 


р [ENT 

(3) If eEL « Eo, then 
u= LV 260 EL „ү = yf ZEI 
Eo "e mh Mp 


ie. the nonrelativistic formula is valid. 
8.11. The absolute error is 
MN зра? с ®% 
А=@—рс= “Gime < рс 
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9; Uncertainty Relation 


9.1. Assuming the electron m 


В cleus 
oves in a circular orbit about the nu 
(proton), we can write the e 


quation of motion in the form 


. 
е? mv? 

zr eS 

478 yr? r 


Hence the kinetic energy of the electron is 


K тег" е“ 
-———-5 
2 Sne,r 


But if the electron is localized in a re 
y 


ы s: mx ; jon 
У sears gion of characteristic dimens 
r, its kinetic energ 


K > 12/2my2 
" 4 2 
Comparing the two expressions, we obtain r> mee 

oi 
m ; Ane, irst 
The quantity а= ma —5.94x 401g is called the firs 


Bohr radius (see $7.15). 
9.2. Let's first 


estimate the momentum and the velocity of the elec- 
tron. We have 


DZ haz 


Frem the formula p= ree where р = 
Vie 
В р 
итв тос 75960 


10-19 kg-m/s 


u/c, we obtain 


Hence f ғ 1, i.e. the electron is an ultra- ivisti Kinetic 

energy is ultra-relativistic one. Its kine 
K— pex qoa j 

9.3. Estimate first 


200 MeV 
L the region 
mentum and its v 


РИ Р - 
locity” We haccalization of the electron, its mo 
aan 1079 x 2y% дуо m, 
The velocity may b 
vious problem: 


P > h[a—5 4-25 kg-m/s 
€ found in the same 


В 


2 =P = —: 
V 1— BE S m = 2X 10-3 


Way, as was done in the pre- 


Since B љ 2 x 10-3, the velocity of the electron is mu z 
the velocity of light, i.e. the conduction electrons in ch lower than 


a metal are non- 


—————.. Conservation Laws | — — 7 
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relativisti с 
istic particles. Their kinetic епегву is 
Kx 1252/3 
9л. First Bh» д1.3х 107123 1 еу 
find the number of neutrons and their concentr 
= 2x100 x 
The 1.67 x 10727 =1.2 x 1057, nag ee 
regi " 
he E emen localization of a neutron is а = nis = 1,5 X 1075 m. 
relativistic um оа neutron is p > ! /a & т x 10-20 kg-m/s; the 
P p 7 x 10-20 
е = ——— = x = 
bos; ҮТЕ me EBT KIO XOX gr 
livin ich it follows that B = 0.14, Le. the neutro 
particle. Its kinetic energy is 


2,2/3 
Рр ЈАРЕ 


2m 


ation: 


n is a nonrela- 


10. Elementary Theory of Collisions 


on with the law of conservation 
entum is transmitt- 


т 


10.1 
о те result is not in contradicti 
ed to pontum he Vertical component of the mom 
S. Dret d 
the M the z-axis along y^ 
to it (s and the y-axis normal 
ee Fig. 10.3). Since the 


Fig. 10.3. 


wall i 

og estin the momentum component 

(hen that et Assuming the mass of the wall to be infinitely greater 

the y-axis ch e ball, we find that the momen 
anges sign while its magnitude 


158 Solutions 
JE" RR" 


§ 17.3). Thus 


Ру= Рх, py — py 
; angle). 
Hence a! = g (we are not interested in the sign of tho: p m at 
10.4. The ball, after striking the surface of the parabolic 
point M (Fig. 


focus: 
10.4), will be reflected to point F called. the + 

he angle of incidence % is the angle between the directi 

velocity of the ball and the norm 


, be- 
al MN; it is equal to the angle 


Fig. 10.5b. 
4, 
axis. According to Problem б 
ОК = MB is the ортан 2 
e seen from the figure, 2 BM 


л = 
BF = BM tan B = z tan ( IN 


= В = 2=—л/2 апа 


2® — 9 


= —x cot 24 = gig 
2p 
The focal length 
f—OF-O0B. Bp y «*—р% 


EE 
2p 


Thus, the focus of a Parabola is on its axis 
at a distance p/2 from the origin. A partic] 
axis of Symmetry after a i 
matter at what distance 


^ ‘as moving. 

10.5. In the given reference frame one of the particles is at rest before 
the impact, the other moves at a speed r. After th 
velocities are v, and i 


Us, ,Iespectively, the scat. 
(Fig. 10.5a). Construct a triangle of momenta (Fig, 10.5b). Taking 
account of the fact that the tola momentum and the total kinetic 
energy are retained after an е] on, we obtain 
p*-pi4- D$—2p,p, соз p, д^ Pi 


cis) 
of symmetry (the иа. 
е moving parallel to th 
arrives at the focus no 


ес = 0 and a = f = доо 
Dr weed ie energy i$ €quipartitioned between the 
game will happen to the momenta, С, 


particles, the 
to quently, after the collisions 
the protons scatter at equal angles to the original dir 


ection of the 
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т к 
Жл projectile (see Fig. 10.6). From the laws of conservation of 
momentum and of total kinetic energy we obtain 


2p, cos -— р, 2K,—K 


Е 
rom the relation between the energy and the momentum 6° = 


Fig. 10.6. 


= 63+ p*? we obtain, noting that 6 = £+ К, 
K2+-2K€9= pc’, Ki--F2K,99— pic 


соц liminating the momenta and the proton’s kinetic energy after 
ision, K;, from these equations, we obtain 


— ЗА 2%,-ЕК 
2  46,-K 
whence ae 


a 
=2cos? —-—1 == 
cos & cos? -y 1 To K 


Note that in the nonrelativistic case, when К< Ey же shall 
ave cos a zz 0 and u = л/2 (compare with Problem 10.5). 
P For K — 500 MeV we obtain, noting that о = 938 MeV, (see 
roblem 7.1) cos a = 0.117, a= 0.467. 

For К = 10 GeV we obtain cos œ = 0.728, о = 0.240. We see 
that as the kinetic energy of the projectile particle rises, the scattering 
(RE co approaching zero for ‘ultra-relativistic particles 

> 0). 

10.7. One of the disks is at rest before the impact; after the impact its 
velocity will be in the direction of the centre line at the moment 
of contact (Fig. 10.7b) for this is the direction in which the force 
acted on it. Thus, sin œa = а/г, a, + «s = ТЇ? (see Problem 10.5). 
" Since the masses of both disks are equal, the triangle of momenta 
urns into the triangle of velocities (see figure). We have 

vy = v COS Gy = v sin a, = vdler 


рә== COS Qg =V y1— d?/4r? 


160 Solutions 


; А irection 
10.8. Direct the coordinate axes as shown in Fig. 10.8b. The Vp ži 
of velocity of the larger disk may be found, as in the previou 


em, from the condition 
sin a, = d/(r, + rj) 


sa ? the 
The remaining three unknowns, the velocities v, and vs ӨШ р 
angle пл, will be found if we write down the equations for the 


Fig. 10.7b. 


Fig. 10.8b. 


vation of the z- 


and y-components of 
for the consery: 


А the momenta and the equation 
ation of kinetic energy 


Piy — Poy — 0, 


Pixt-Pax=P, Kp K.,—K 
or in the form 


P1 Sin 4, — p, sin ®%=0, picos Z1- pa COS hy = p, 


рї 4 pi р? 


2m, $ 2m, 
After some transformations we obtain 
2т»р cosa 
Bae 2: ppm (m+ m)? —4 e? 
* mim, mm, 17r, түт» COS 
sing, = 


(Ps sin @„)/ру. 

Note that for m, = m, and r, — ae А ўа 
of the previous problem, ý 1 = T» we Shall arrive at the resu 
10.9. The number of particles striking the wall during the time At 
(Fig. 10.9) is 


N= nS , At=nuS At cosa 
(see § 17.5). Since only the n 


1e normal component of the velocity es 
after impact, the force is TERES 
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The force of pressure is 
= = a Я 
and the pressure sitio sys qui git 
р = 2nmv? cos? о 


шай, The problem stipulates that the boat moves over water at 

ón ан speed, and this means that the drag and the force acting 
T e sails are equal in magnitude. 

acis find the formula for the drag of the water compute the Rey- 
з number Re = pyrylo/ny. It is given that vo = 3 m/s and that 


the characteristic dimension is lọ ~ 1 m. Thus, Re = 3 X 10%, and 


so the pressure drag R = CSpovi/2 plays a basic role. 
To be definite let us assume that the interaction of the air with 
the sails is elastic. Noting also that nm = p is the density of air, we 


obtain + CS pov? = 20512. The area of the sails is 


CS, 0X 4.0X 109 X 9.0. 5 m? 
Ap? —— 4х 1.3 х 36.0 
10.11. Arrange the coordinate axes as shown in Fig. 10.11. Then com 
Ponents of the initial velocity along the axes will be vox = Vo соз 0, 
Voy = vo sin œ and the acceleration components will be a, = g sin а, 
ау = —g cos a. The equation of motion for the first part of the tra- 
Jectory should be written thus: 
Ux — Vox + axt = vo соза + gt sin € 


S= 


Vy = Voy + ayt = vo Sin 0 — gt cos ® 


axt? 12 sin c 
z= To} voxt + 5 = vgt соза Е 
12 " 1? cos ® 
у= yo + voyt4 e = wt sina — D 


11-0465 
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Since at the point Ау, the ordinate yı = 0, it follows that 


t, — 240 tana " 202 sina 
= 1 
E Ы gcos?o * 
Vix — ——0— (1+sin? о), Yyy = —vp sin 
cosa 


А an 
The longitudinal velocity component does not change erofore 
elastic impact, but the lateral component changes sign. 


Fig. 10.11. 


lor the second part of the trajectory 


Uo 
= = in? T 
Vox — Vix "cos o; (à sin? о), Yoy = —Vyy = vp Sin & 


The equation of motion, by analogy with the first case, will be 
azt? 20 sing 


vot (1 --зїп? оу 12 sina 
T= 2+ voxt 0 —0 T Sainte) д 
abi 2 g costa T соз о 2 
ayt? 2 
y —Wi- ve,yt4- 5 = vot sing Et соза 


At the point А» the ordinate is again zero, i. gd fore 
the ооо Баба of the point Ag is > ©. иа = 0, there 
4v$ sin? a Е 
Бена. (1-Езїш о) 


The ratio of displacements із 
1 


29 — 2. 
аа ES L—1-2sin?g 
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11. Potential Energy. Potential 


Fols Let the object move in the feld from point M to point N 
(Fig. 11.1) first along the rectilinear segment MN = 1, and then along 
e broken line MEN = h -+ la. In the first case the work done is 


A = Flcos а = Fd 


In the second case the work done is 
A= A, -+ As = Fl, cos a, | Flo COS 65 — F (l cos оу + ly COS Gy) =Fd 


Fig. 11.1 


We see that the work done is independent of the path. 


х, ka |x 
12, (a) — F——kz, A= j Fase —| 2d —©%—|'= 
xy 
à. ЕЯ 
kå ka} 
E 2 
Q T o (a Q 
(b) r= = (x = {= 40 [з 
Алег? ' des p ares 4760 ri Amor |ri 
тї тї 
a AOL „йй: 
лугу 278072 ' 
M t ta мү 
(B) ra 2 - ur Ane S 
) F > 4= |} Ра yam \ == x 
тї тї 


_ ттм ymM 

та HN 
es In a dipole one point charge is in the field of the other point 
charge, therefore 


titi MEME 
U= 69:— леза ГЕТ: ШШШ ТТЫ 


11+ 
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Where p, = qd is the dipole moment, d being the separation of the 
dipole. The minus sign Had that the durata ofa dipole from. Ше 
charges equal in magnitude but opposite in sign, initially an infin 
istance apart, results in the liberation of energy. dro- 
11.6. The energy liberated as the result of the formation of one hy Рег 
gen chloride molecule is about U — 10.3 X 10-20 J = 0.65 eV. TEY 
108 we obtain Ag = NU = 1.65 x 10* J. (Actually, the ene Ba 
liberated in the process of formation of 1 kg of hydrogen chloride 


:9 MJ; this means that our rough estimate gave the right order 0 
magnitude.) 


11.8, SSK bs an gay 


The minus sign means that the formation of a hydrogen atom from 


a free proton and an electron is accompanied by the liberation of energy 
equal to 13.6 eV. 


11.9. (a) Consider the problem using the approximation of Newto- 
nian mechanics. Put Ky=0, $1—9,—9, A=K— Ko = 
= q (Ф: — фу). 

e have 


4 —— mt 
=g ти, u=V upm, p—mu—Yy Zm 
(b) In the relativistic case 


K=q9=/ рз, 
We obtain 


ma 6 EoF aP 
assume the Бы ошап approximation @ > qo, and tho formulas 


P= У ата), ua uel _ pe? cy ap (28,49) 


PA MARS, ee с RE 
PR V op = Утор, u= £V Bop _ 299 
б mo 
We have of cou i 


Tse obtained 
in that case m — m the same e; 


11.10. The relative “error is 


gc Pr Pet =1—_¢ Y 20pm Bees V 28> 
ne V aP (280-99) 28,--29 
Hence 


Since e <1, we have o= 2862. C 
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1.11. The relative error is 


p. Prep P cepe: a MN 
Prel 280+ e9 


Hence 


28 (=e)? _ Bo 
e ` 2e—e? ёе 


12. The Law of Conservation of Energy 
in Newtonian Mechanics 
6 According to the law of conservation of momentum mv — (M+ 
£ m) u, according to the law of conservation of energy 1/2 (M + m) w= 
(М + m) gh. Hence 


v= ED y= MEM ydo) 


12.2. (a) According to Newton's second law 


€ v= V 2ah = y» (=-«) 


f (b) According to the law of conservation of energy the work per- 
ormed by a force is equal to the change in energy 


mv? 
2 


A=AU+K, or Fh- mgh-4- 
Hence 


v V ж (2) 


12.3. Here the work of the force of friction Т is equal to the decrease 
in kinetic energy. In the reference frame of the platform 
mv? 2 


» vi 
Ti — K, or umgl = 2 whence =з 
The braking time is 


Vay vo Hug 

12.4. The speed of the weight at the uppermost point should be such 
that the tension of the thread 7 and the force of gravity impart to 
it the necessary centripetal acceleration (see Fig. 12.4): 

mg + T= m?l 
To find the minimum speed at the uppermost point, put 7 = 0. 
We have 

ти = туь ОГ v*min — 281 
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> i ota- 
Taking the potential energy to be zero at point О (the axis of г 
tion) we obtai 


in according to the law of conservation of energy 
тоў mvinin 


2 mgl — 7 + mgl 
Hence > V 5р. 
12.5. If the weight rotates on 
may be zero. We obtain accor 
2 — 
m —mgl, whence vo > V Agl 


А the 
12.6. In the direction normal to the velocity the forces acting on 
weight are the tension of the threa 


e 
d Т and the component of the fore 

of gravity, F, — mg cos c (Fig. 12.6). Accor- 

ding to Newton's 


int 
a rod, its speed in the иррейо Dor 
ding to the law of conservation o 


mgl= 


second law б 
Т—Ё„= ть?/1 T 
To find the velocity apply the law of conserva- ng 
tion of energy 
mgho = mgh +- mv2/2 0 
Hence 
2mg 
Т = mg cosa + 1 (hg — №) 
However, hj = 1 (1— сов a), k — 1 (1 — 
cos a), therefore hy — k = | (cos æ — cos a). Ug 
Substituting into the expression for the tension 
of the thread we obtain Fig. 12.4. 
T = mg (3 cosa — 2 cos ao) 


12.7. According to Newton's third law, the pressure of the washer 
against the sphere i 14 р і 


ў component of the 
= mg cos о (see Fig. 12.7). According to New 
Е, № mv?/R 
To find the velocity apply the law of conservation of energy mgh — 
= mv?/2, Since h = R (4 _ cos a), we obtain after some simple trans- 
formations 


N= mg (3 cos a — 2) 

When the washer leaves the Sphere it ceases to press against it, 
and ithe ‘reac ion becomés zero. The condition for the loss of contact 
is cos о = 2/3; a = 48°; h — руз. 

12.8. According to Fig. 42.8, we have 


N — mg cosa = тіп 
To find speed apply the law of conservation 9f energy: 


mgH == mgR (1 — cos 9) + mv2/2 
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Hence 
2H 
N —mg (3 cos a—24--5-) 
In the highest point of the loop a = л, 50 
2H 
N top= T£ ( —5+-=) 
The minimum height is found from the condition Ntop = 0, there- 


fore Hmin = i R. In this case 
N = mg (14+ cos a) = 6mg cos? > 
12.9. The object thrown at an initial speed v, at an angle a to the hori- 
zontal must fly through the air a distance AB — L — 2Rsin a. 
We know (see $ 8.2) that 
200 sin & cos & 
[4 


D= 


, 
gR 
cos & 


To find the speed v, apply the 
law of conservation of energy 


2 
so vi” 


mgH = mgR (1-|-cos æ) + i т 


from which к=-ү-=1-Есов a+ 
4 
n 2cosa * 


For the computation of cosa 
we obtain an equation 
2Qcos? a — 2 (k — 1) cosa + 1 = 0 


Fig. 12.6. 


Hence 


cos ® i6 1+ y (k—15—2 ) 


Since the number under the root sign must be non-negative, we 


obtain k—12Y2, ie k>14+V2 
On the other hand, 0 < соза < 1, ie. k — i+ V (6 — 9 —2«& 
< 2 and k < 2.5. Thus 
1+ VĒŽ<k<2.5, ie. (+ V2) R & H « 2.5R 


For the limiting values of the cosines we have 
cos a=b? , ke. 01==45° 


cos «= (1.5 + 0.5)/2, соѕ 05 0.5, cosa;=1 
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ston of 
Obviously the Solution cos œ, = 4 does not satisfy the condition ig 
e problem, since for оз = 0 there will be no cut. So the remain! 
Solution is cos €, = 0.5, о, = 60°, 


5 < 
P jccordingly, for the heights in the range (1+ V 2) R « H 
x 2. 


Pes 
» corresponding suitable cuts are those with angles of 45 
Фа 60° с OSen so as to Satisfy the condition 


cosa (koi oy ki—23k—1) 
12.10. Denote 


" the 
2.10. the radius of curvature in the perihelion „Љу Ros its 
kinetic energy of the planet in perihelion by Ко = mvj/2, a 


Fig. 12.7. Fig. 12.8. 
potential energy U, = —ymM/r,. ’ 
To find the radius of curvature in the perihelion apply Newton $ 
Second law 
2 
Jue uM from which Ro = eG Ory Ko 
0 0 


Мт ^U, А 

The radius of curvature at the aphelion is the Same as in the peri- 

helion since the ell ipse 18 а Symmetrica] figure. We have, according 
to Newton's secon law, 


mà ymM 
JH rA 

The total mechanical energy of the planet 
s 


according to the law 
of conservation of energy i 7 ding to 


= 5 mM _ mo ynM 
w= E ee 


Ta 
Eliminating the velocity we obtain 
ymM Ry YmM — ynMRy, ym 


z 
2rg To 2rà Ta 


———.... Conservation Laws | —— — — 7 
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Cancellin 
ing out 
ym, we obtain a quadratic equation 


Ri (2ry — Ro) —2rar + Вод — 0 
This means that in this 
In this case the radius 


The 
first root of the equation is ra — To 
he orbital velocity 


сазе : 
0 cutie ellipse reduces to a circle of radius ro. 
is p= ure is also Rọ = го, and, consequently, t 
The c V YMTro: 
econd root of the equation is 
— = К 
Sinc Р 2ro — Ro 
e the distance from the aphelio 


ti 
elliptic eet have W < 0. This mean 
TNT orbit only if the sum of its kinetic a 


n to the Sun is a positive quan- 
s that a planet can move in an 
nd potential energies 


particular in the case 


Le.i n Y 
ts total mechanical energy) i не 
circular orbit, = x d B 
o 
of a t, W ecraft at the p 


124 

“11. Calculate first the total energy of the spay 
lgee (i.e mo  ymM 
её. at the apex of the parabola): w=- n ` Ac- 

c ы 2 
9rding to Newton's second law ALT , where Ло is the 

0 

j ni 

mM "Vo арӣ the 


radi ^ 
ius of curvature at this point. Hence т, TUR 


t 
otal energy is W = mv} (4-5) . 
0 
But the distance from the focus to the apex is ro = / = p/2 (see 
t this point 18 R= р 


e alues we see that the total 
energy is zero. In compliance wi h the law of conservation of energy 
int of the path as well. А j 

a di k by a distance Ay. Then the wedge will shift 
istance Az to the left. Evidently Ay == т tan a. Since the motion 
tial velocity, it follows that 

Ay = @yt?/2, vy — аці 
According to the law of conservation of energy, the decrease in the 
od as it sinks is equal to the increase in the 


рада energy of the г 
inetic energies of the rod and of the wedge: 
mt 


2 
magAy = M + 


e values of the displacements a 


Problem 10.4), and the ra 


Az =axt?/2, 


Substituting th nd the velocities we 


obtain 
T тука, = Moa + тай» ay = ax tan ® 
rom which we get 
u тәк tan € "- mag tan? а 
2 Y= m; Hm tan? с 


Aa. —— 
x 
туі та tan? a 
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Solutions ——— = 
a —— — 


The reaction is 


тах = 
sina 


mim»g cos с 
m; cos? q -+ тз sin? с 
we 
12.13. Applying laws of conservation of energy and momentum, 
obtain 


mo , mo мү? 
mgAy= — LT 


2 DT —MV-— то; | 

Noting that Ay ='a 2/2, Az = ах 2, AX = bi?/2, vy = ССА 
Uy = ayt and V = bt, dnd that Ay = (Az — AX) tang we obtai 
after some simple transformations 


_ Mgsinacosa 
Смт зіп 

ult as in Problem 3.7. 
ions in a simil 


ах 


i.e. the same гез 
from these equat 


hi i ined 
+, the value of a, is obtaine 
the condition 


10 e à om 
ar Way. The reaction is Obtained fr 


Q—ma— m V g Fa 


The escape velocity for the Moon is v= 
=2.4 km/s, Assumin 

4 km/s, we obtain With 
=0.83 ton. For the Ear 
the mass of fuel is Mey 


12.14. 


erial particles and li 
, fits escape velocity is equal to the veloci 
his idea was Suggested by 


са = 


ini itational 
ght in its gravitation 
ty of light ina vacuum. 
aplace as far back as 1796. We ha 


2yM/R, R= 2yM/c? ~ 9 km 


the exp 
à 5 «netic energy, For an inelastic colli 
identical objects flying 


at equal speeds, AK — 2K = тї. 
rnal energy is 


AEo = 2m (cy At + A+ с Ata + L) 
where c, and c, are the specific heats of ice and water, r 
and 


Atı = 0° — (—30°) = 30 °, At, = 100° — go 


= VIG MERE a TD 


3.3. Multiplying the solar Constant by the area of а spher ius 
a to tlie astronomical unit, we obtain the total Power S adius 
radiation P = 4zJ R?. The loss of mass per second is H = р/с The 


= 100 c 
Hence 
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Sun wi 
Will lose ten percent of its mass in the time 
0.1M5 = Mo? 

p 40nJ R? 


13.5. B " 
= Mom decaying the particle is at rest and its energy is 6o = 
- Since it decays into two identical fragments their total energy 


must, = 2moc* 
be € = 2m? = mor , where mo is the rest mass of a frag- 


= 


ment e = 

and u = fc is е velocity. It follows from the law of conser- 
moc? — 

Vie = M2, whence the rest mass of a frag- 


m= M, V 1-6? 


Substituti 

х wd the speed we obtain the rest mass of the fragment. 

total abb Ying the laws of conservation of momentum and of the 
energy, we obtain 


pp 6 = 6+ Eo 
of the particle 


where g= е 
£ = Got K= Cot еф 13 the total energy 

сше the impact, p is its omatus and 6’ d p' are the total 

Sion y and momentum of the object formed after the inelastic colli- 

- p2 Eliminating the momentum p' using the relation €’? = Got 
р'®с?, we obtain for the internal energy of the object formed 


oe as 
в; = y 25, O48) = V 2 bot O) 
The kinetic energy of the object formed 


inc 
Kg! 8, 28s 69 — Y 280 (280+ e9) 
— 0.938 GeV) with a kinetic energy 0 


Vation of energy that 
ment is 


f 10 GeV 


For a proton 
we obtain (60 


6,= 4.7 GeV, K'=7.2GeV 
with a kinetic energy of 76 GeV we obtain the values 
6,=12.1GeV, K'=65.8GeV 


o be born out of a cluster, its 
f the rest energy of a proton: 


©, 2x 0.938 = 1.88 GeV. Noting that the rest energy of an 
we obtain 


For a proton 


” 19 
epu D — 28 = di 246 TeV 


13 Pent. there are no such accelerators. 
EE - In this case the cluster formed as the resu 
n is at rest, i.e. the entire kinetic energy о 


]t of an inelastic colli- 
f the original particles 
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of 
has been transformed into the internal energy. The internal energy 
the cluster is б = 2K + 261 216979. therefore 


K=ep= gpt 8..935.5. 0.5 987.8. MeV ~ 1 GeV 


Such accelerators do already exist. . elerator 
13.9. The internal energy of a cluster in a conventional р oblem 
ne à stationary target is E6 = V 28, Eo F eg) (see Pr 


quat- 
13.6), in a colliding-beam accelerator it is б, = 2eg, + 260. ЕЧ 
ing both expressions, we obtain 


9 = 29, (2 + epal Eo) 


Where @ is the accelerating poten 
ànd Фе is the acceleratin 


14. Rotational Dynamics of a Rigid Body 


14.1. From an arbitrary point O draw an 
plane in which the forces lie (Fig. 14.1). Th 


а, 
^, 


m 


Fig. 14.1. 


(the torque) is equal to the algebraic sum of the moments of each 
force about {һе гахіз. We have 


M = Fija 4- Р» (a 4 d) — 


However, == айй Fees CM ~Fd. The minus sign 
оа that this couple makes a left-hand Screw about the axis. 
14.2. The solid arrows in Fig. 14.2 show the forces F, and F, applied 
to a rigid body at points 4; and А». Apply the forces T; and T, at 
the same points and the forces т, and T, at t 

Т» P and T, Ta = F,. The point C is chosen so that Гау = 
= Fa. Show that the new system of six forces is equivalent to the 


Fia +- Рза 4- Fd 
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old one, i.e. that 

Ind (Fi, Fa Т, To To Т) ~ (Fo F9 

rot the system of these forces reduces to the former forces Fi 

are? and to two force couples (Ti, Ts) and (Tz, T,) whose moments 

But M, = Ta; sing and Мз = — T3, Sin а 

оно C was chosen so that | Mi | = | 
One. Dre compensated and do not act on D d 

Syaten the other hand, the system of six forces is equivalent to the 
m of forces T, and T,, le. 


(Fi, Ез, Т1, Tar T» T,) ~ (Ts, Та) 


In 
ou ai the forces Е, and Ту, as well as Fs and T,, are compensated, 
e forces T, and T, remaining uncompensated. 
ivalent to the system 


Hence, the system of forces (Fi, Е.) is equi 


з, T,), and this gives the solution to the problem. 
by an angle © is equiva- 


1 

fect The work done in twisting the spring 

by uc the work done in extending it by 8 length z, which is expressed 
e formula W — 1/2Fz — na» Therefore the work sought is 


1 1 
W---M«—7 Јо? 


Mla is an analogue of the 


Note that the torsion modulus f — 
a ring of thick- 


Spring constant k = Ё/® 
14.7. The differential of mass is equal to the mass of 


ness dr. We have 
dm | 2nrdr Р _ 2Mrdr 
coa an’ from which dm= — qs 
tia is equal to the moment of 


ihe differential of the moment opinan 
nertia of this ring: 


Hence 


R om T 
1=f dn. S Pd—-mc|u 
0 


0 
14.8. Divide the sphere into thin disks perpendicular to the axis of 


rotation (Fig. 14.8). The differential of mass is 
_ Mmrds . ЗМ (ру zi 
dm—-QugRs 285 (ва — 28) da 
nertia of such a disk is 


since r2 = R? — 22. The moment of i 


i S. ЭМ \ңз—:2)% 
dl— —3 —= BRS (82—22)? dz 
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Solutions = 


The moment of inertia of the Sphere is 
R 


1—2 | au (85 — 2R2:2.,. 24) dz 


0 
3M я e ч 
= Fae [нї | dz — ane | 2?42-- f “д | 
0 б ò 
3M z3 25 JR 
= тру | R Po, 25 
ias [ Rts re. "we 
d IR 
=3M ni. 2R* тыг =z 
ARS ( 3 5 


Fig. 14.8, 


14.9. For a cone (Fig. 14.9) 
_ Mr? dz Matin агт": _ 3MR?z4 dz 
JO V3ARP > RE RD 


h h 
224 
Jem f мны dz _ Sume j zd, SM Ris 
0 


14.10. It is pies from (mensional considerati, 
of inertia of a sphere is =q 2, where а 1 ES 
For the purpose of numerica] calculation ut SYM ^ and 
divide the radius into ten equal parts (зев roblem 1:45). The miss 
of a layer is 

Am, — sz Az.p 
where 
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Hen 
се Am, = 3r3/40. The moment of inertia of a layer is 


f the moments of 


(TI т 2 
,.| The moment of inertia of a sphere is the sum o 
d 1 we obtain 


inerti 
rtia of two hemispheres; for M = 1 an R= 


T=a=2(AI,+Al,+ Alm p ttt Trio 


M . 
dug use of the data given in Table 7.12, write out the value of the 
aised to the fourth power in Table 14.10, and find their sum. 


Thi i 
is gives a = 2% 5.933 _ 0.4, i.e. numerical calculation yields 


t 
he same result as integration. 
Puno ЛО Table 14.11 


ia Th n Tn rh 
ар _*® | ЕСЕН ЕЕ 

1 0.995 4 | 0.05 0.06: 1073 

2 0.956 2 | 0.15 0.51 х10-3 

3 0.880 3 | 0.25 3.91 51075 

4 0.770 4 | 0.35 | 15.00x107 

5 0.636 5 | 0.45 | 41.001077 

6 0.486 & | 0.55 | 9.601079 

1 0.333 7 | 0.65 | 178.5010 7 

8 0.191 в | 0.75 | 316.00x107 

9 0.077 9 | 0.85 | 521.00:x1077 

10 0.009 40 | 0.95 | 815.00x107? 
FECE ID Bed Dad CUM 
Total 5.333 Total |1982.58x10-3—1.983 2 2 

easi ihe ё 

MEER re 


1441. For a cone we have from dimensional considerations І = 
ü ВМВ? as we had for a sphere, where В is а numerical factor. For 
dioi urpose of numerical caleulation put M=1, h= В = 1 an 
ivide the height into ten equal parts (see Problem 7.14). We have 
"Y 3M 
Ата = лг Аһ-р=0.1лгїр0, Р= RA - 


А 2 4 
м Ата LSA, pego rere rto 


2 29 ?’ 
Evidently 
Te. 0.05 2з _ 0.15 no _ 0.95 
R h R тоте — h 
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For R=h=1 we obtain Table 14.11. We have 


Т=В = x1.988=0.2975x0.3 


г ; is 
The relative error as compared with the precise formula 


e=28 02075 „ 100% =0.8% 


14.12. Making use of the 1 


ting 
aw of conservation of energy for a p 
rigid body, let us first express the angular velocity in term 
angle. We have 


K—U,—U, where K= + Io, U= mgh and U= mgh 

The moment of inertia of a r 
end is 7 = 3 "P. In the cour: 
ОЁ the rod rises to а height 


. one 
od about an axis passing through ses 
vi 
se of oscillations the centre of gra 


hec FT (1— 008 a), had (1— cos о) 


Substituting the values obtained into the equation for the energy 
balance, we obtain 


a 
o= V Up (cos «—cos a) 


the speed of the end of the rod is v 


= ol. 
14.13. From the law of conservation 


of energy 

: mv? Io? 
U—Wr=K, or me (sin a+r cos. a) т, 79d. 
The force of roll 
inertia of a solid 
o = vlr. We ha 


ing friction is 7, kmg cos afr; the moment of 
cylinder is 7 = 172 тта, and the angular velocity is 
ve 


а inge. qu not 


4 
from which 


4 
E (rsin atr oos EEE) 


In principle the friction may not be neglected since j 
of fiction the disk will not roll down, but will slide dow 
this case the kinetic energy of rolling shou 


ld not be taken i 3 
But if the friction is small enough, the work of the fo Into account 


ce of friction 
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may be neglected. The necessary condition for this is 
E <ltana+r 


For the numerical example contained in the problem we have 


Vi R325 8402 3 
a 9° 5x 10, TTE 
i.e. the work of the force of rolling friction m 


Calculation. 
When the cylinder slides down 


ay be neglected in the 


—— 
mg (lsin a-Ercosa) -1- mo, v= V 2g (lsin a+r cos a) 


1 a 
4.14, vm V s (Lini rem ВЯ), 


14.15. The work of the force of friction is responsible for the loss of 
he flywheel. We have 


the entire kinetic energy of t 
2 „202 N 
Io pe | Wem Tl Not = Hp 


AK = 
2 


Hen 
ce 
mri лтгп 
N= S. 
2t pt 


Try to solve this problem with the aid of the fundamental equation 


ү rotational dynamics of a rigid body. 
yel. As the weight sinks, its potential energy transforms into the 
inetic energies of the weight and of the rotating flywheel: 


mgh= ES mv? p Io? 


2 
The flywheel and the cylinder rotate at the same angular velocity 
€ = p/r, therefore 2mgh = v? (m + I/r*). Hence 
= 2mgh 
= m+ ljr? 


14.17. Since the pulley rotates with an acceleration, there must be 
ions of the left 


a torque acting on it due to the difference in the tens 

and the right parts of the rope (see Fig. 14.7). It follows from the 
undamental equation of dynamics that 

туб Т= та, M= TAw/At 

e angular 


mag —T3— maa, 
The torque is == 5 iati 
ета dn que is M = (Ts T, т. The variation of thi 
Us Vi añt 


12-0465 
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Solutions 
We have 
la 
тав Ty— mya, печу, Ty—Ty— ri 


Hence 


P" (m,— mi) g 


T, 2mymag (4 4- 1/2mgr?) 
m+- mg--Tjri » Татур _ 


түз тә} Ijr* 
T,= 2mımag (1-- I/2m,r?) 
= + 
My ma- 1р? 


For 1/12 < m, + ma we obtain the answer to Problem per r Prob- 
14.18. The method of solving the problem is the same as fo 
lem 12.7, the only exception being that in this case 


one should take into account the kinetic energy of 
rotation of the ball: 


N- ae (17 cos & — 10) 


14.19. Р 
(1 


rom the law of conservation of momentum 


mant Jp 4- 2mrj) = (I mant 5 + 2mr3) o, 
14.21. Applying the law of 
momentum we can 
pulsar radius and its 


conservation of 
find the relation between the 
period of revolution. We have 


2 x Эл 2 „ 2л 
1990= 1, or = MRa T ES 
Hence 
LORS 
T5 T 


To prevent the esca 


pre pe of matter 
lation is increased, the 


as the speed of ro- Fig. 14.17. 
force of gr 


avity should exceed M 
T 2 m M cy 
» Le. MOR < F... Hence nlt Ü » 


nd relation Sought between the pulsar radius and 
lution is of the form 


the centrifugal force 


Therefore the seco; 
its period of revo 


ns 
ag 25 
Eliminating the pulsar period from both equations, we obtain 
40? Ry ал? x 74 x 1032 
Rz "MTS 67 x 10- 
TM GO " s 


Xx D e 1030 xc 2.22 у. 


Tu RITIRO Az 10-3 s 


1015 A15 km 
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14.99, " — 
1.22. The kinetic energy of Sun's rotation is 
ME oo 
Кау = = = ——rf0 
9 2 5T 
The kinetic energy of pulsar’s rotation is 
K= 4n2M gR*J9T* 


is ——= 


The ratio of these quantities 7 
Ko 


ion of a star in the process 


, The increase in the kinetic energy of rotat 
e of the work of gravita- 


of its : 
Ї its contraction (collapse) is at the expens 


pe lorces. 
ios T'he spent of the ball's momentum is L=lo= 
= pel! 2 

mr? = mer, where v is the orbital velocity on the equa- 


5 T 


tor, Sine 2 
‚ Since vce, L < mer, whence 
D 


Bb 5h 
Uv ap E ML SEE „Дх 
ru DJ Sr 4.8 x 10-18 т 


experimental data, according 


This di н 
S dimension does not agree with 
two orders of magnitude less. 


to whic з Š 
Which the effective electron radius is 
15 — — 

5. Non-inertial Frames of Reference and Gravitation 


15.1. T " " 
ms The reference frame fixed to the wedge moves with an acceler- 
four fh a in the z-direction and therefore is nen-inertial. There are 

orces acting on the block: the force of gravity mg, the reaction Q, 


Fig. 15.1a. Fig. 15.1b. 


{зен force T, and the inertial force 1 = — та. To solve the prob- 
Fig QE Sy consider the same two cases as in Problem 5.7 (see 
eed и and 15.1b). The block is not accelerated. with respect to 
GP tore nertial [rame, and ior this reason the sum of the projections 

es on both coordinate axes is zero. We have for both cases 


12« 
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Solutions 
y-axis: " 
Q cos @--Т sin о — mg — 0, Qcosa—T sin «— mg = 
z-axis: 0 
—Hh —T cos ®--0вїп a — 0, —1,4-T cos a 4- О ѕіп а= 


5.7, 
The equations obtained are equivalent to the equations of Problem 
therefore we shall obtain the same answer. E system: 
15.2. Four forces act on the body in the rotating coordinate sy force 
the force of gravity mg, the reaction Q, the centrifugal inertia 


А 


БУУУМ ум 


mg 


Fig. 15.2. Fig. 15.3. 


s tho 
let = mo?r and the force of friction T (Fig. 15.2). Та prevent 
disk from sliding the following condition should be satisfied: 


Top Та or mo?r < 51а 
hence r< LL в 
ч 2 ae 2 А nc 
15.3. The forces acting on the motorcyclist in the rotating refere 


frame are mg,Q, T and Ier (Fig. 15.3). 
Evidently 


0=1.= то?г, 
Т = р = unotr = umv?jr 


The motorcyclist will not sl 
wall, if TS mg. We have 


| 
| 
| 
| 
Шті/ > mg, v = V grip | 
| 
1 


[^4 


ip off the 


15.4. Three forces constituting a 
closed triangle act on the weight in 
the rotating reference frame ^ (Fig, 
15.4). We have 


leg- mg tana, or mo?r — 


Fig. 15.4. 


mg tang 


Noting that r= Using and © = 237T, we obtain 
кыны 


Ай 
Т=?л }/ rx 


dition that the centrifugal force of inertia is equal 
> ме obtain the Same result as in Problem 3.9. 


15.5. From the con 
to the elastic force 
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articles on the star's equator 
ymM 


in the rotating reference frame are the force of gravity F= TS 


the centrifugal force of inertia Гес = тод. Matter will start to escape, 


Б Tet >F, ie. o > М М/А. 
field’ The time needed for the oil 
d is (see § 11.9) 
ШП 9х0.2х 10-3 Р _ 
Е =9 x 103 s=2.5 h 
Zag p p) = 2 1010 x9.8x 108 8 
af In the centrifuge the part of the gravitational field, in accordance 
M the principle of equivalence (8 24.5). is played by the field of 
m atrifugal forces of inertia. Consequently, in the above formula one 
ust simply substitute @?Ё for g. We obtain 
9m 9x 0.2x 10-3 фа 
= зт л® х 0.8 Хх ИР 


15.6. The forces acting on material р 


and 


droplets to rise in the gravitational 


2r*o? R (рр — p) 
ч ghe centrifuge is @2R/g = 320 times more efficient. , 
Un ien the system is at rest, the spring is undeformed and its 
or is maximum, lo a. When the system rotates, the weights 
i away from the rotation axis, and the length of the spring becomes 
= 2a соза. The change in length is 


1 


ж a 
Al = 1—1 = 2а (1— cos a) = 4a sin? =- 
à E relate the deflection angle to the rotation speed, we employ 
1 rotating reference frame. In compressing the spring, work is per- 


ormed, equal to 


ы а 


Wa da ape Ska? sin? 


al forces of inertia, which 


This work was performed by the centrifug; 
asing. The work of the 


displaced each weight by a distance r — 
nertial forces is 


1 taint 
Wet =2X -y Ге" = тода? sin? & 


Equating the two expressions for the work, we obtain 


a a / mo? 
Bka? sin? ea2sin? whence бап = V -3k 
ka? sin 3 moa? sin vi 15 p 


г Obviously the governor will work in conditions of weightlessness, 
or the presence of gravity was mentioned nowhere. 

The maximum rotation speed may be found from the condition 
AL 0.4 x 2a. From this 2a (1 — cos &) S 0.2a, or 0.9 < cosa < 
X 1. Expressing the cosine in terms of the tangent of half the angle 
and substituting the value obtained into the condition of equilibrium, 
we obtain 


ona Л 2k/19m 
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-— vill be 
15.9. Fix the reference frame to the rotating liquid. Then there i 


sity mis 
three forces acting on every particle: the force of gra "lot = 
reaction of the liquid N and the centrifugal force of те the y-axis 
= mo*x (Fig. 15.9). The angle between the reaction un (since the 
is equal to the angie between the tangent and the E 
edges of the angles are mutually perpendicular). We ha 


Iet ЫЗ 
tan с E " 


я abola 2° > 
It was shown in Problem 3.14 that the tangent to a oue we 
= 2py makes an angle of tan a — z/p with the z-axis. 
may conclude that the surface of a liquid 


in a rotating vessel is a paraboloid formed 
by the parabola z? — 


the y-axis. 


15.10. A spacecraft orbiting 
forms a non-inertial 
moving with an 

-= YMIR? directe 


E y rotating about 


a planet 
reference frame 

acceleration 

d towards the centre of 

the planet. Two forces act on an object 

inside thespacecraft: the force of gravi- 

ty F = ymMIR?, directed towards the 

centre of the planet, and the oppositely 

directed centrifugal force of inertia Ie tiv. 15.9 

= me/R. The resultant of these forces Wigs 1539 

is zero, therefore the object is weightless 

with respect to the spacecraft. k is 

15.12. The slowing down of time measured by the “plane” clock 

due to two effects: to th 


ned 0 
e decrease in gravitation and to the speed 
Wight. We have 
/ 2 zx 5 
fri=tearth Y 1--T. p 1-5 
— ЫЕ =— 
= artt т с y -i 


( is the potential of the gravitational field), Since 


ч 0З 
E «tana «b 
the expression for the time assumes the form 


tol = tEarth ( 


artt ( 1— ros 


The time dilation is 


ch E 
At= trarth—tp = fgg n ( = =r) 
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Неге 


gh 9.80 108 
c 9.0K {ре 1.09 x 1071, 


02: _ 1012 — 0.43 x 10-12 
258 ^ 2x3.0?x 106 х ох — ^ 

8.64 X 104 s, the time dilation is 
‚ 4079 s = 33.) ns 

(of the gravitational 
d than that of the 


Since (р = 2.5 days = 2.5 X 
At— 2.5 x 8.64 x 191 x 1.52 X 10722 = 3.3» 


figs effect of the general theory of relativity 
) turns out to be 2.5 times more pronounce 


Special theory (of the speed). 
15.13. For the Sun and for the white dwar! 


tl 


Ауф _ M р 
f ud BW For the 


Pulsar we can make use of the precise formula 


ос 
Ava T XL 
Y V cR 
15.14, Light cannot escape from the star’s gravitational field, if the 
gravitational potential on the surface is so high that 29/c? > 1. 


Тепсе the radius of a black hole is R < 2yMIc. 


16. An Ideal Gas 
16.1. No matter what the shape of the vessel is, one can always imagine 


A be made up of small vertical columns of liquid for which the 
mula p = рд was derived (see Fig. 16.1). But since the pressure 


e 


Vig. 16.2. 


Fig. 16.1. 


4 all points at a given depth is the same (a corollary of Pascal's 
aw), to compute the pressure at the depth Р one should add up the 
pressures of all the upper layers: 

р = pit раі Paco pg (hi + ha + hab) = peh 
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16.2. One of the possible ject. being 
the volume in the liquid which will be filled by the objec 
immersed (Fig. 16.2). Th 

drostatic pressure, indicated by 
forces is the buoyancy F. Since t 
F = P, where Pj is the weight o 


Ten 
he liquid is in a state of equilibriu 


шо. 

H e 

It is obvious that if we object of interest into the liqui he 

same hydrostatic forces wil] act on it and, consequently, its риу. 

will be equal to the weight of the liquid displaced by the i is 

: the image is 7 = 2r,œż, wher" m 

the time of transit of the molecule between the cylinders, ees T 
are velocity of the silver atom 


UM = V PES 1 > TX. 532 m/s 
^ i 
Hence 


b= 207, (r, — n)yfv 
To assess the error, calcu] 


" я image 
of the SHE ate the width of the undisplaced in £ 
a Me R. 
b Cy Whenee 4 a, 0.5.08 2mm 


The broadening of the disp] 7 


ri jf 
К ас images ; n because € 
ihe Maxwell distribution of the ai ages, is still greater 


error 
K d he molecular velocities. Hence the er 
и ansssucement 15 A, arie с: а, the relative error being 
=á а 2x 4090 
Sess 1 2 +- ити 


This shows that the ч 


Ster; ‘peri itative 
data on the molecular үшү Peri ment could produce only quali 


1 ar velocities. 
16.6. The root-mean-square velocity 
sphere is 


of hydrogen atoms in the photo 


P= Y BTE — (3c qm 

The escape velocity jg -2 X 104 m/s 
v= V DMT 

L MJR = 6.1 X 10° тув 

It may be seen that the TOOl-mea ity i f 

e ly a 4-Square velocity is only 1/51 0 

the escape velocity. нелее Only a small fraction of the atone whose 

ee ршен ае, un the peerage Speed (see § 25.2) can at any 
sca ч "s vitati 9 

whet p ре solar wing’ ns gravitational field. They create 

"7. Since the thickness of th i 

p: on E acceleration due to күү Pere is small, 

or v, Photosphere to be in a ey” pim NT A 

pressure Photo B азун rd gas Wilibrium the hydrostatic 

= PRTIM, where M is the molar Mass of icu i к= PES ee 

8 - Hence 
ho RTIMg. 


its density, 
assumed constant. 
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16.9 Я 

ine this problem, as in Problem {6.7, we shall make use of the 

may he the gas pressure is equal to the hydrostatic pressure, which 
be approximately calculated as follows: 


wh ` Ma Ma 
ere the average density of matter is б = F- = 4x5" 
T Ij E al 


1 I 
m. M the temperature of 100°C the root-mean-square velocity of 
the М. Кор molecules is 2.15 Ж 10° m/s. The escape velocity for 
manit t is 2.4 km/s (see Problem 12.14). Naturally, the Moon’s 
vlogs field is unable to retain hydrogen. The root-mean-square 
in i les of molecules of other gases are several times smaller. But 
аде ee with the Maxwell distribution there is always a con- 
the a e fraction of the molecules whose velocity is several times 
is al verage (see § 25.2). Because of this Moon's gravitational field 
1 пае to retain other gases, and they disperse in space. 

ing to The atmospheric pressure close to the Earth's surface is, accord- 
g to Table 26.3, equal to 1.01 > 10° Pa, the air density is 1.23 kg/m? 


a А Ag 
nd the absolute temperature is 288 К. The helium pressure inside 
icates with the 


aie, envelope is the same, as the envelope communica 

= Mines The density of helium in these conditions is Pir: = 

{һе А RT = 0.10 kg/m?. The lift is equal to the difference between 
rchimedean force and the force of gravity: 


m F= (Pat— Pre) VE 
13. First find the molar mass of ammonia: 
M = pRTlp = 17 kg/kmole 


Noting that the atomic masses of the elements which make up ammo- 
dro ae M, = 14 kg/kmole (nitrogen) and Л, = 1 kg/kmole (hy- 
gen), we obtain the equation 


M = 2M, + 22M i.e. 


Its solution in integral numbers is: 21 
tatlar formula of ammonia is NH. 
6.14. In thermodynamical equilibrium the temper 
Components of a mixture of gases is the same. The 
individual component is 


17 = 142, + 22 
= 1, z, = 3. Hence the mo- 


ature of all the 
pressure of the 


рі = m ЕТ = № ЕТ/У ра = "2 кт = Ng КТ/У, etc. 
The sum of partial pressures is | 

Pit Ped Pad -(Ni+ Ned Na 2M 
is the sum of the numbers of 


Sinc 
ince the total number of molecules N i 
g up the mixture, =ч 


molecules of all the components makin 
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+ Na+ NS + 


he 
Р ] to t 

aT e the sum of the partial pressures is equa 
Pressure of the g 


as: 
П = МЕТЈУ = p — 
+ Pat pg + Dm МЕТІ m ө 
16.15. In the course of the chemical reaction in which sequently the 
Б of oxygen react with 6 g of hydrogen. Con Ms Tod 
i ater vapour and 4 g of hydrog 


n = 

; ; ation 77 
alton's law one can easily obtain the equa M ; 
the 

i um of 

= wh = - On the other hand, the mass of a gas is the s 
My" M, 

masses of its components: Putti 
= m/m, we obtain a system of two equations: 


SIS . NW 1=хт--у 
M М My! - f the gases: 
ystem we find the percentage eu Lips nail motion 

16.17. Small] gumboge gum balls take part in random AE ton ove 
behaving like gigantic molecules. Therefore their distri 
height corresponds to the barometric distribution 

Му левый log Pi. _0.434mg (h, — hi) 

—— Д t y=: —— 

№ ~° 2 Ny ee f gravity» 
One should take into account that in addition to the force Expressing 
the particles are acted upon by the Archimedean force. E» 


roga dro 
the Boltzmann constant in terms of the gas constant and the Avo£g: 
number, we obtain for the latter 


"T ЗАТ log (N,/N,) 
AU TU X Anrig (p — py) (hy — у) 
Substituting the known data, we Obtain the working formula 
N = 5.79 x 4022 log (JN). 
2—h 1026, 

The values obtained for the Avogadro number are: 6.32 x the 
9.98 X 1026 and 5.45 X 1026, © average value is 5.92 x 1028, 
maximum error is 0.3 X 1026, Henc 
iment 


ng 
m= m,-- ms. Putting z= m/m 


Solving this s 


Va=(5.940 :3) X 1025 kmolļ-1 
16.18. To solve the problem опе 


) Should calculate the potential ener£Y 
in the field of centrifuga] Torces: 


1 1 { 
Mc Rs Tre... А 
чре D» ipto formula (26.26), we obtain the result sought. 
UF, is ed for is tope сораг Пе Compound. uranium hexafluoride 
F is used or iSo ation. = mol i 
aera == 349 kg/kmole апа М» == 359 пау тавзев of the compou 
tion ratio prior to the 


C 2 kmole, T ntra- 
Totation of the vessel is heir conce 
боз: по = 99.28; 0 


.715— 139: 1 


Molecular-kinetic Theory of Gases 187 


the isotope of greater mass due 
s near the walls of the 
blem, we have* 


Duri A 

to E the rotation of the centrifuge, 

in action of centrifugal forces concentrate 

ssel. Using the result obtained in the previous pro 

Е mor? M 0?r? 
ni — пор CXP ( ORT ) пор exp (r) 
M Vor 

Ny == Nog EXP (т) 


т 
he concentration ratio close to the vessel's walls is 
(M, — My) 92° ] 


п» nos 
2o exp 
ny noi F [ 2RT 


Taki А 
‘king logarithms, we obtain 


log (+2 Noo 0.434 (M 4 — M) er? 
" ) = log ( = ) 434 ( 27 1) 
«107 


3x 4n* x Ax 10°; 
2x83x10),:3x10* 
2.43-r 0.103... 2.246 


0.434 > 


= log 139 +- 


Henc 
псе п, : пу == 176:1. The enrichment factor is 


y= (te) nn rt 


ny 
E " 
he obvious result is log т = 0.103, giving z = 1.27. 
í та _ mgh mgh 
ТУР =. 787 Rom 
62a. Logan ™ = 1—0) "UJ Р d 


Po 

umn are the force of grav- 
Since these forces are 
the density using 


1 
16.22, Tho forces acting on a vertical gas col 
—8 dp. 


it y 

be 085 dh and force of pressure F= p 
equilibrium, pg dh = —dp. We can eliminate 

the Mendeleey-Clapeyron equation: p = fort. From the relation 


T= 
To (1 — ол) we obtain dT = —aT,dh. Hence 


dp Mg | dT 
==, T 
1 i p^ 9H 
ntegrating, we obtain 
M ] 2 
In p- ZR In 7-} const 


m 
ex, 18 usually written in the form 


* 
The ў i 
ex 1 exponential function, , | 
P z when the power index = i$ а lengthy expression. 


188 Solutions 


> RS eld, we 
Since the equation is valid at any point of the gravitational fi 
ave on the planet's surface 


In py = aH In 70- const 


Subtracting this from the 


TES inte- 
preceding equation, we eliminate the 
gration constant to obtai 


in 


Mg 


In p—In Po= ZRT, (In T— In 7) 


whence the formul 
16.23. Find th 


à sought for the barometric distribution. 
bution: 


ic distri- 
е molar mass of the gas from the barometric d 


ФЕТО log (py/p) Жы 
М = z log (To/T) » Where g 


Noting that for Venus 
obtain the values of the 
value is 


T.—T 
А NT, 


E = 8.52 m/s? 
molar m 


-1.05 x 10-5 m7} 


5 wa бап 
(see Problem 4.7), v Am 
ass at four altitudes. The averag 
40.0--43.2..44 4.17 y. 

Moy CE MR itg 43.4 kg/kmole 

The molar mass of CO, is 44 kg/kmole, This leads to the conclusion 
that the atmosphere of Venus consists mainly of carbon dioxide gas- 
Other experimental methods Corroborate this conclusion. 


17. The First Law o 


17.1. For an isobar 
à monoatomic gas С, 


f Thermodyn 


amics 
ic process 0; АШ: у 


: For 
W == С Сау i Re 
mp ? Cmy iR=5 23:9 mp Cmy 
17.2. The work of expansion of а Eas is 
W = mygh=- Vay m 
w P(Vi—y,) Gr inj 
Therofore 
7 АТ = Mw ERM/mR 
The quantity of heat is obtained from the — 
X Съд 1 
W UTR 
(diatomic gas!). 
17.3. It follows from the relations б. А " Е Стр 
^ mp mv = R and y= (AT 
that Cmy = ү: Hence the molar heat бй 


constant volume lies within the li 
1.24 x 10* « c, 


a monoatomie gas at 
mits 


mv X 1.28 x 104 VY(kmole . К) 
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Accordingly 


2.07 х 105 < Сар < 
E X Стр < 
з Obtain the specific heats, 


2.41 x 104 J/(kmole-K) 
divide the molar heats by the molar 


ma 
1 TT 
7-4. For diatomic gases in the specified temperature range we have 
R ч рб 
Dar < Сту S 0.39 


i.e, 
2.02 x 10! < Cmy < 2.13 X 404 J/(kmole-K) 
2.85 x 10! < Сыр < 2.96 x 104 J/(kmole-K) 
1 n 
7.6. The work W -l(p, + py) (V2 — Ёз. The change in t. 


nal energy is 


he inter- 


, Сту. А ә 
AU s uy (та ee АГ) 


The quantity "E. AU 4- A 
F y of heat is Q = . 
The molar heat is Q-—^4 


бо === 
and it, А mU Teh Рз 
S ratio to the gas constant is 


Ст. == a a = 2.06 
R реа PV a ET 


T : " 
$ Corresponding value for a monoatomic gas is Cmp/R 


с 
mv/R = 1.5. Clearly 
Съу < Cm & С 
а pu... Р шч р E 
eui Divide the change in volume into 10 
eleme] tS 50 that AV = 0.1 m3. The _ 
ent of work along a short path is % 


total 2127 (Fig. 17.7). Therefore the 


is 
WAP Tp a n =æ 3 
Wri AV (py Pa iee T Pio) 
Write the data in the form of a table 


du Ey 
able 17.7). It follows that the work done 


y & Е 
ature pos expanding at constant temper- 


w 


= 04 x 41.58 x 105 = 4.16 x 10° J 


Wn he formula of $ mn we have 
"" х х ger xx 0.301 x 105 = 4.47 X 105 J 
relative error in the numerical caleulatio 
: 000 х 0% 202156 


n is 
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Solutions 
Table 17.7 
7 " 5 a = DoVo "jus: Pa 

n Vi, m3 Vj, m3 Pi EE сеш Я 

i — 
0 1.0 1. 
1 р 4i. 
2 1.2 P 
3 1.8 A 
4 1.4 1. 
5 1.5 E 
6 1.6 1 
7 T. 1. 
8 1.8 1. 
9 1.9 1.6 
10 2.0 

Total 41.58 
ee 


17.8. The work done by a gas exp. 


anding at constant temperature 15 
У, v, 
> Р " m ' dy 
W- | pdv- nr | C ш 
ў M V M 


1 
Picted in F 


igs. 17.9 
hown in Figs 17408 


17.9. The cycles аге de “© = 
17.9c, 17.9d. 
17.10. The cycles are ѕ 17.40c, 17.104. 


Fig. 17.9b. | 
in Fig. 17.94. 


17.11. It follows from the 
Process (Q — 0), that 


aw of thermodynamics foran adiabatic 
m 
CAP Сту dT + pay = 0 
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Differentiati 
entiating the Mendeleev-Clapeyron equation, we obtain 


pdV--V йр=- В aT 


Elimi 
inati В А 
ling dT from these expressions, We obtain after some trans- 


4 


Fig. 17.10b. Fig. 17.100. Fig. 17.104. 
formations 
dV , d 
y+ FH 


Int = 
grating, we obtain 


[^ av p 
d 
vf y (Z0 
Ў d 
o Po 


from which 


yin V—yIn Vot ln рп Po = 0, or In (р) 1n (PVY) 


Therefore, рУ? = pV}. 


17.4 
= — Hum the Poisson equation, 
X 41.4 — 424 x 105. For the case 


Sion wi 

уе i А 

The obtain Pisot = 4Po, i-e. a pressure 
work of adiabatic compression of a g 


4—1)— 1.87 X 109 J 


we obtain pad — Po (VA V)? = 
of isothermic compres- 


almost twice as small. 


as is 


Waa= (рУ РГ) ( 


The 
wi А " А i 
work of isothermic compression of a gas 15 


Wisot— 2.3p,V; log (Vi/ V2) = 4.41 x 16% J 
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Solutions 


18. The Second Law of Thermodynamics 


1 2: queen: 
18.2. (a) There are three court-cards of each suit: the jack, the 12. 
the king. Therefore the total 

(b) The number of red 


2v Д == 
number of court-cards is 3 RH also 

court-cards is 3 x 2 — 6. pod sc 15 
reason as follows. The probability of extracting a red pu (wy = 
the probability of the compound event: extracting a court- robabilitY 
== 12/36 — 1/3) and extracting a red card (w, == 1/2). The p t 


: ama 2 is the pro 
of a simultaneous realization of two independent events is the p 
of their individual probabilities: 


L d 1 
и r1 i mem, 


— 1/9. 
18.3. (a) The probability of extracting the first ace is 4/30 Tured 
If the extracted ace is returned to the pack and the pack 1s i 


ime remains 
again, the probability of extracting an ace a second time Teme . 
the same. The probabili 


on ! 
extracting two aces in successi 
equal to the product of the two c pility 
(b) If the extra t returned to the pack, the proba cting 
of extracting the Second ace wil] be 3/35. The probability of SA Тав. 

| ЭЗОП is equa] to the product of the probabi d. 
18.4. Imagine the balls to be designated by the letters a, b, aj ves 
Write out all the possible distributions of the balls in both halve 
9! the vessel (Table 18.4a), | 


94 == 
> А а 5 'e see that th re ar alto ether ind 

— 16 distributions, the first and - AR ате B 
in one way, th e 


= 17€ 
the fifth of which may be resin. 
i ways, the third in 
ways. These directly give u тіс probabilities. p- 
To obtain the mathem dinis the values 0 
tainted by th 


S the thermo yna 
obabilities. 
ses. 


vS 
i compile Т; ich sho" 
namic and mathe T ible 18.4b, whi 


matical robabili:; interest to us. 
18.5. (a) Let the Probability of finding Peabilities of intere 
the vessel be p; 


i g Siven bal] in one par 
^; then the probability of fin ing it in iba other pat 
of the vessel is g= 4." P. *he probabilit of finding k particula 
balls in the first part of the vesse] is ph; the Es l biline f finding Um 
rest in the other half is q^-h, Conse iy the Coe v os um ven 
г particu] l 1] quent y the Probability of the e 
when ~ p: euiar >a ^S are found in the first part of the vessel an 
e o Md YA. second part of the Vessel is pkgn-k. However 
we assume alll t ie balls to be identical, and because of that this result 
may be realized In Ch WayS—in other Words, the thermodynamic prob: 
ability W of this State js Ce. y 
To obtain the Mathematical] prob 
the number of ways by the probabili 


abili 
therefore 


t ty w, one should multiply 
Yofa favourable combination, 


"n d = 
WR= Cp a К ы e С р)" ph 
Such a distribution of Probabilities is ¢ 


alleq binomial distribution. 
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Table 18.4a 


Sic rn 


| Left part | Right part | 
: жу у к. First state 
раа 
: a, bt d 
4 "s b, b Second state 
9 b,c, d a 
"RENE | ш ao 
в | | 
7 a, b c, d 
8 а, с b, d 
9 b. d b, d Third state 
ү b, d 8, € 
c, d a, b 
E a b,c,d 
14 ^ а ы n Fourth state 
15 d a, b, с 
кызы Е Meu LLL 
16 a, b, c, d Fifth state 
"EE NE TURN EL e 
Table 18.4b 
Sta Thermodynamic 
te probability W Mathematical probability w 
First С9=1 1/16 — 696 
ag Cl=4 4/16 = 1/4= 25% 
S ipe C2—6 6/16 = 3/8 = 38% 
ae” C3=Ci=4 4/16 = 1/4 = 25% 
ifth Cá—C9—1 1/16— 696 
NN NNNM MM LL 
10096 


р 


13-0465 


194 Solutions 
и ______ РР 


essel 
(b) If the probability of finding the ball in both parts of the Vi 
is the same, then р = q = 1/2, and we have 


А 1Y5 44 mh h Ayn 

“= (2) (“= (4) 
n 

b nid have generalized the result of Problem 18.4 for the case 0 

alls. 


ility 
18.6. See Fig. 18.6. It may be seen from the figure that the probabil 
of a uniform distribution increases rapidly with n. . t (this 
18.7. First method. Since both parts of the vessel are equivalen o) the 
‚ is the consequence of the homogeneity and the isotropy of spac 


robability of finding a parti laut | 8 
the ratio of volumes: °° "iele inside a volume y « V, is equal 


po q—1-— p— Vo—v 
Ys Svar 
In the present problem k= n, i.e, al] th 
inside V. The answer is obtained from the solus 
For a large number of molecules the Probabili 
is negligible. Жой. Ts prol 
Second method. 1 oblem may he sol i B i 
pe uM but аласа, бае basis af the соте the binomial 
probability (see pro -<)- Specificall 11; : 
a molecule inside the given volume is zeii Jy ability of finding 


e probability 
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of finding « 
the ding simultaneously all the n molecules in it is the product of 
BEN vidual probabilities: ш = р" = (V/Vg)^. 
-8. Let AS > 0, then (see 5 28.8, Fig. 28.5) —у- Ttg 2 0, there- 
Y 2 


fore Q +2 А 
т whence 7, > Ta. Hence the law of entropy increase 


leads ? 1 
rà e the Clausius principle (see $8 28.9 and 29.5). 
their Je nsider 10 successive steps starting with the lower left. Measure 
em t ngths in millimetres as accurately as possible and transform 
© scale into actual dimensions (see Table 18.9). 


Table 18.9 
i Dimensions i 
figure Ly, аде kr и H um? 

1 
2 8 10 100 
3 4 5 25 
4 8 10 100 
5 7 8.8 77 
6 12 15 225 
1 9.5 11.9 142 
8 14 17.5 301 
9 4 5 25 
10 4 5 25 

3 3.8 14 


"E EDEN M cL 
A2—1038x10-1? m? 


ENDE NEUE 


he r.m.s. displacement is A? = 1.04 X 


Hence the square of t| 
300 s into Einstein's formula, 


X 10-9 m2 иин 2 == 

We obtain Substituting A? and t= 

= 4? oz x 8.9 х 10-4 х 4.4 х 1077 X 1.04 X 1079. 4, 5:40-5 J/K 
ү = =i 


300 x 300 


The Avogadro number is 


Eu Р8 8.8x 19 — _ "nt -1 
Ма= 72 = рду 10-33 — 5.9 х 1029 kmole 


ar calculations using 


We would advise the reader to carry out simil 
rror in the method. 


оши parts of the graph and to assess the inherent e 
.10. See Figs. 18.10а and 18.10b. 

18.11. By definition, AS =", therefore a small quantity of heat 
AQ — T AS (see Fig. 18.11). 


13° 


196 Solutions 


3 ual 1 
The total quantity of heat in the process is numerically efg spe 
the area of the curvilinear trapezoid shown in the figure (о, ods 07 
cified scale). The Problem may be solved by numerical m 
by integration 


av, it 
18.13. Since as =-^©. and AQ= QU -p aV = —— Cg y dT P ё 


M 1 
n 
m ат т dV i ге оа! 
follows that gs — Up Сту E eer R-y-. Integrating, W 
T; 
ат т Vs 
8—8, | Cmy unb Rin LA 
T, 


: be 
For a small temperature Tange the isochoric heat capacity nisl 


a 


Fig. 18.10a. 


Fig. 18.10b, 


Fig. 18.11. 


assumed to be a Constant. In this case 


m 
83—S,— 7 (сула TEER In T ) 
18.14. For an isochoric process : 
т 
53S, i м, ln I 
For an isobaric Process j 
SiS os 


M mp In 22. 
For an isothermal process " 


Sys т_ y. 
2 1 M ci. 
18.15. (а) W = p, (Va — 


"Dt, Safe T P) (Y, — VÀ 
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18.16. - 
(Fig. Plot the graph of the Carnot cycle in the 7-S variables 


- 18.16). 


qo Qi. Ti (5,—8))— Te (8589. Т.Т, 
1 T, (55—51) Ti 
Since the work in iso- 


18.17. В = 
The efficiency of the cycle is 1 eee to the diff b 
W o the difference be- 


choric T : 

tween Tons is zero, the useful work is equa 
Sion and M of adiabatic expan- 
Sion: at of adiabatic compres- T 


Wa m 
Ur Сту (Т7з—Т4)— 


EL 
M Cmy (T3— 71) 


Compression 


al 


=v 
Ap Сту (T4 — ТТ — Ta) i 
he working medium receives heat Fig. 18.18 

rig. 18.16. 


x. A 
1n t] 
of Ве Process of isochoric combustion 


e 
3 
: 
3 
i 
| 
L 
LM 


e=- 


Hence 


Making use of the result of Problem 17.42, express the temperatures 
in terms of the volumes. We have Vi! Ta = VY"! Ty and viz 
Vi-! T,. Dividing the first equality by the second, we obtain T/T 3= 

the efficiency and reduce it 


= Т/Т. Transform the expression for 


to the following form: 
т, 1078), 


nat RU 1079) 
nd the first fraction 


gs the second fraction is, evidently, unity an 
ТУТ» = (VV = z"^. Hence 1 = dem _., 
-19. Suppose an ideal gas experiences spontaneous isothermal com- 
Pression. In the process quantity of heat is liberated to the environ- 


ment equal to 
m y 


Or=Wr= Gr TINY, 


(see Problem 17.8). Therefore the change in the entropy is 
Qr..." pin У = NkIn £ a) 
Vo Vo 


198 Solutions 


Here N is the number of molecul 
took place at a constant tempera 
does not change, and the chang 
change in the volume. Estimate the р 


w v e 
In we N In WT 
Comparing equalities (1) and (2), we obtain 
S—S,=kin W— kin Wo 


whence the rel 


ation between the entro 
bability. 


i го“ 
Py and the thermodynamic P 


19. Fundamentals of FI 


uid Dynamics 
19.2. Apply the Bernoulli 


equation for an incompressible fluid: 
4 1 
Ар= 5 003 —3 Pt 
The velocity of fluid in the fire-hose may be found from the continuitY 
equation. т 
19.3. Applying the Bernoulli equation for i ressible fluid 
to both cross sections an expressing the velocity im he narrowing 
in terms of the gas velocity in the pipeline, we obtain 
5 а 
Ap= ARS ( рл ) 


e D and d are the dia t f ipeli ing. 
ge Ao ite fa meters of the Pipeline and of the narrowing 


u= psv=4 лрьр? 


and the pressure drop Ay — Posh, where ро is the 


After some simple transformations we obtain the 
the flow rate. 


19.4. Apply the law of conservation of energy in conseryatiy, S. 
In our бавы the work ОЁ the forces of pressure is accompanied БУ dis 


density of water. 
final expression for 
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Chan i 
-ange in the total mechanical energy of the system: W = Ws — 


Of dd s (Ka+ U.) — (К, + U,). Consider separately a volume 
ma md V = 4S) = lS; (Fig. 19.4); the mass of this volume is 


= PV. The work of the forces of pressure is 
Subst; kin Р — Poly = pySih — P2Sole = (p — Рз) V 
Substituti 
n Кач the result obtained into the expression for the change 
TEY, we obtain 


2 2 
(pj — Po) V = mvs | mgh,— A —mgh, 
Whence 2 
w2 vi 
тре = p pghy 
19.5, 
Suppose that the volume of fluid flowing out through an orifice 


duri 
the xia Short time interval is so small that the drop in its level in 
neglected section of the vesse] can be 
houe Taking into account that 
mined ase the pressure drop is deter- 
Pressure ntirely by the hydrostatic 
noulli 4 we conclude that the Ber- 
Pgh — equation assumes the form 
Tories (= from which we get the 
uid fl i formula for the velocity of 
orifico, 78 out through a small 
19.6 Maki 
x ng use of formulas (30.9) 
and (30.17), we obtain the n 


Sought. 
/ 0 (p—Po) 
19.7. The velocity of the shock wave is u=} So. . Here 
o V7 Po. 


Po) 
ро = 1.01 x 105 Pa, ро = 1.29 kg/m?, p = 200ро- The density at the 
Ont of the shock wave may be found from the Hugoniot equation. 


enoting 
H4 
- YoPo. P 200. i Mic. =3.5 
= р Anh ‚ y= =200, re 


We obtain after some transformations: 


= Mk, where M is 


а am Ж 
19.9. It is evident from Fig. 19.9 that d — ana 


the Mach number. е : 
19.10. Consider the cycle depicted in Fig. 19.10. Since the gas returns 


to the original state, the change in the entropy during the complete 
cycle is zero. But during the quasi-static adiabatic expansion of gas 


200 Solutions 


å i in| 
(section 2-3) its entropy does not change, during the isochoric us 
of the gas (section 3-7) its entropy decreases. Therefore its € $i 
must have increased during the shock compression (section 2 == 
Perform the calculation for the compression ratio of the gas 
а ; Y--1 we obtain with 
= ps/p,. Putting, as in Problem 19.7, о = T we 0 


the aid of the Hugoniot and the Poisson equations 


®—1 ar— 1 
Pa =f Pa ts therefore Ps —_“ —À 
Py a—z Py Di (a— xr) t 


son i$ 
The change in entropy as a result of the shock compression g, 
equal to the change in entropy as a result of the isochoric соо. 


only with the opposite sign. Maki 


we obtain king use of the result of Problem 18-14 
Aja —А$у= — Wr my In o P о In Pa 
» Py 
_ т ол — 1 
= г Сту In [ысы ae 


19.11. тне Поз fce id in is critical cro 
1 velocity of sound; in the boiler thi ity i i 
au result of Problem 19.6, we es flow Velocity is zero. Using 


2 ver ve 
a a er —— 
cA m ре > whence Uer — ag 2 
Tra 


To find the velocity of steam leaving the nozzle 
the Bernoulli equation in the form of (80.8) i wake use at 
= V Zep (T, — T). 
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—GT-———— EK 
19.13 olecular Forces and States of Aggregation 
ae The thr 
oxidan whence 7 may be found from Newton's second law: F — me m 
ldant і = 4mg. Thi A p 
is . e consumption of fuel together with the 


The dens; p= Flu = 4mglu 
en 
Sity of the gas is found from the con 
жи эн | 
Th Su  aD?u? 
1 e pre: А 
3-16 Ssure is found from the Mendeleev-Clapeyron equation. 


йб ры ьт begi ы 
teristic iee with, find the Reynolds number assuming the char- 
sion to be equal to the pipeline diameter: 


pd 8x102x0.8Xx1.1 
EM yu iea А 
This чи 1 40-2 =7x 10 
effici uch greater than 2320 
ent should be han A 


n. 
316 _ 4.94 x 10-2 = 0.02 


tinuity equation: 


Re= 


erefore the hydraulic friction 
the empirical formula 


A 
This enim) y Re 
la (30.3; es us to find the pressure dro in the section using formu- 
2). p р 


о fi 
i Noto the power, use formula P = Fv = ApSv. | 
теа] iat this calculation was made for an ideally smooth pipe; 
Power, į pipe the required pressure drop, and consequently the pump 
19.47. Th substantially greater. : 
of mass e continuity equation follows from the law of conservation 
equation Hence it is valid for an arbitrary stationary fluid flow. The 
n ide | of momenta and the Bernoulli equation were derived for 
al fluid, i.e. a fluid whose viscosity may 5e neglected. д} и 


Same 
th time viscosity of fluid plays ап importan 


€ fricti 
riction forces cannot be neglected. 


20. Solids 


20 
UE The stress о =_F/S, where F is the à 
ches the section where this force is distri 
ition of the bulk modulus, we 077 
AV 
г KSe= KS |5 


pplied force and S is the 
buted. Making use of the 


20.3. The i qm di» == Th 
z sag in the cable is ^ = 1 (12 2 — (2/2) = 0.625 m. e 
10166 extending the cable ©з F = pti Y 74.57 x 108 N, the Oo. 
sectional area of the cable is 420nL*/4 = з0лр* = 9.4 X 107 ms 

ence applying Hooke's law we find the extension of each section of 


the cable: 


F 


Al= pg — &ESh 


202 Solutions 


: break- 
The force capable of rupturing the cable is found from the Sie is 
ing stress: Fm = 915. The load capable of rupturing 


M = 4o,,Sh/g1 
20.4. The force sought is 


of the form 
e? 1 1 1 
“mea (ehe ) 


e 3 7 i ad 

ToU (Gert yar Р-Н А 

:onificaD 

Compute the value of the series in the brackets to three signif es 
digits. To obtain the required accuracy, we may discard a 


3 7 39 
0а. Tar 
= 0.82128 ~ 0.82 


leulati i Fig. 20.5. 
a pans with ions arranged in Gon consider g 


ng stress is Om = 
f interaction he 
Concentration per unit аг 


bouring ions, n = 
Hence 


о, zi 
Eus. 
mU Ames 


Problem in a rotating refer, frame. Con 
ider a segment of the flywheel] whi il angle a at i 
ee (Fig. 20.7). The forc ich subtend 


and two elastic f, tion 
between them follows from the Condition for equilibrio De Fein Та. 
Here T = 05, W ore S is the cross-sectional a 
and c is the stress. Dus volume of the ieParated segment ja y с 19 = 
= 05 Rav, phoe are (R + 7/2. is the average radius of the fly- 
wheel rim. The centrifuga] force of is 


ituting into t ition 
ependence of the Stress he рано 
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on 
the speed of rotation: 
g—po*R$, 


The s s 
In this apona ia safe when the stress does not exceed the elastic limit. 
tate when th e elastic forces will return the flywheel to its original 
e speed of rotation is reduced. Therefore the maximum 


Safe s 
Peed of rotation of the flywheel is 


үги 22 y= 
р А, Ег р 
The Pitay 
s Ay wheel will fly apart when the stress in it rea 
8, ie. when 


ing ches the break- 


к 2 y% 
әт ИЙ P 


20.8. Imagi 
- imagino a small spherical segment with a radius of the base of 
næ to be cut out of the sphere (Fig. 20.8). An elementary 


Tet 


Fig. 20.7. 


= алі д 1 on an element of area AS = 
the el on the periphery of this segment. The normal component of 
ementary force is AT, = AT sina = Gd Alsin œ. Summing over 


T, = od-2xa sin a= 2noRd sin? & 
e of the gaseous pressure Е = ps 
== О ll angle the segment's area is $ = 
ary nR? sin? а, and the force of pressure 15 F = npR? sin? a. 
t follows from the balance of forces that p = 20d/R. 
cylindri i be cut out of the 
ylindrical surface (Fig. 20.9). Four e e seen to act on 
trix; their normal com- 
gas pressure 
dee not be taken into account. The remaining two are per- 
is (ho ar to the generatrices; the sum of their normal components 
= - normal force Tn = 9old sin a. The force of pressure is F = 
pS = 2pal = 2р1Н sin a. 


204 Solutions 
TT... Selon SSS 


hich 
It follows from the balance of the forces that p — oa/R W 
was to be proved (compare with Problem 20.8). in length 
20.10. In the Specified temperature range the relative change At From 
is proportional to the change in temperature: e = A//1 = «^t 
Hooke's law o = Ee = Ec ^t. 0.8. Con- 
20.11. The problem is solved in the same way as Problem ew obtain 
Sider a segment of the shell subtending a small angle œ an 

F = Ta where F = 918, is the 
force of pressure of the cylinder 
on the shell, 7 — oS, is the ten- 
sile force in the ring. But Sı = 


Fig. 20.8. Fig. 20.9. 


=hræ, S, = hd (Fig. 20.11). " d in 
the same Way as in Probler, 20 ggnressure on the shell is foun 


Here Æ, is the Young modulus for st, i sion 
coefficient for steel. Hence Eo, булы is ie thermal ерер. i 
the shell is shad, and the s 


9— EytrAt/g 


13. The condition for the equi) sie. Pressure it exerts on the rock: 
cone (Fig. 20.13) is p, = p quilibri in communicating 


> OF рур = 
whence : 2> OF PUNE = pup But P = py/(1 + Be)» 
ч ея hy j 
ttig = > B247—h, 
t Pti 1+ Br, nc D» 


20.14. In the simple cubic lattice the atom. 
the cube (Fig. 20.14). There are altogether eight Ору the corners 8 
corners, but the atom at each corner belongs to the ej 18 at the eig! 


the corner. Therefore there is one atom to each E ubes sharing 
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20.15 

2.15, In 

ei a face- А 

ght corners or centered lattice, the atoms occupy positions at the 
n the six faces (Fig. 20.15). À corner has 1/8 of 


Fig. 20.11. Fig. 20.13. 


an ato 

к m, a face 1/2 of an atom. Altogether а cell has 8 X $ +6 х 

же 

20 1 = 4 atoms. 

29.16. 

inside T a hexagonal lattice three neighbouring 
e cell (Fig. 20.16). Two atoms at 


atoms are completely 


the centres of the bases are 


Fig. 20.14 
s of the prism 


at the apexe 
each apex. Hence an ele- 


shi 
р two cells, and the twelve atoms 
Shared by the six cells adjoining 


mi f 
entary cell contains 3 X 142X75 +12х ъ= 


206 


Solutions 
— 5 шюз__ eee 


21. Liquids 


re, 
21.1. To check the exponential dependence of viscosity on {өш рет 
find the dependence of the logarithm of viscosity on the reep 
of the temperature. To do this, compile a new table (Table plot 
using the data of Table 21.1a. Using the data of the new table, 


y=log( 10°% ) 


0.220 


Fig. 24.4. 


illimetre graph paper (Fig, 21.1). Almost ints 
eh be ot 5 fall on the straight ling 5 Most all the poin 


y-—a--bz, ог iL TE 
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Table 21.1b 
T, к 
х= 103/т |y-1og(102m| T. K x= 103/T Е 
~r 
2; 
2 3.66 0.226 || 323 3.10 0.148 
293 3.53 0.210 333 3.00 0.136 
303 3.41 0.191 343 2.92 0.123 
313 3.30 0.176 373 2.68 0.091 
3.19 0.164 


cp «A ee 


Taking antilogarithms we obtain 
109n— A x 1 
His йын 
cien distinction from formula (84.10) bein 
o points lying on the straight 


08/7 
g only in numerical coeffi- 


ting? find the activation energy £o use tw 

" = 2,75, у = 0.100 and 22 = 3.60, уг = 0.213 

The temperatures corresponding to these points are Т, = 10/2, = 
4 K and 7, — 103/2, = 278 K and the corresponding viscosities 


ame i = {0-9 i= 1056 x 10-8 Pa-s and т; = 1-63 X 10-3 Pa-s. 
e ratio of the viscosities is 


colts , gtulliTs — exp {tht} 


12: 16 Tyla 


H 
ence we obtain after taking the logarithms 


£o (Ty — T3) zn Ne 
or KT,Ts T 
— kT,T;ln(mi/m) _ 2.3kT T'a log (M/M) 
P Ы ТТ ТТ 
1B. Water will start rising and will reach the upper end of the capil- 
ry. Here the radius of curvature will decrease until the pressure 
] to the hydrostatic pressure of 


t te The condition 
or equilibrium is 

unm 20 ов 0 — pgh 

For the contact angle we obtain 


cos 0 — TPE — 0.544, 0—57* 
20 i 
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Solutions = 
Me Solutions е у __. 


2 = 
is S, = 4007r a 
Surface area of all the droplets is So droplets 
= 100ла°, their total volume E EU but th surface rea decet 
l remains unchange ut th a itv o 
Е p S = ap, From the condition of equality 
volumes, find the diameter of the large drop: 


88 
ТӨ => whence D=<ay/ 100 


Үр crease 
The surface area of the large drop is 5 = nd? V 10, Thig ps sur- 
in the surface layer energy Corresponding to the decrease 1 
face area of As — So — S = aq (10? — 404/3) is 
AÉ 


90 945 = GAS nod? (42. 491/9) 


21.5. Two forces act on a fluj 


; the 
: S: v 
Ч in conditions of weightlessnes 
force of surface те 


{с гез15- 
nsion Seur = дой апа the force of hydraulic 
2 2 : 
tance Fres= 4 Б . Е (see § 30.17). Since the velocity 
of the fa is small, for small Reynolds numbers А = 
64 6 
=i p. Equating the forces, we obtain after some 
simplifications 


a convex meniscus wj] be 
identical to that of the upp з (Fig. 21.7). T 
excess pressure is р — 2 X 20/1, But 20/r = pgh, 
Ap — pgH, from which H = ә 

21.9. Suppose the dro 

above has the З 


end of the tube, 


formed there with a каре 
he 


er meniscu 


! as seen from 
of a circle of radi 


ius R Fig. 21.9). 
е Vid = т/ра. The force of 
attraction between the Plates is p — 
= 20/4 is the excess 


ApS, where Ap = fore 
Pressure under the ‘curved surface. There 


Here Ap = 4g/R, f 
the internal. Hence 
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Since at the point of contact 
of the three films we have a system 
of three forces of equal magnitude in equilibrium in a plane, the angle 


Vig. 21.9. 


between the forces is found from the condition that they form a closed 


triangle. 


22. Vapours 


22.2. As distinct from an ideal gas, whose molecular concentration 
(and density) does not change їп an isochoric process, the molecular 
concentration (and density) of a saturated vapour rises with tempera- 
ture because of additional evaporation of the liquid. 

22.3. The density of saturated vapour at 55°C is 104.3 g/m?. Therefore 
at this temperature 8 g of saturated vapour occupies a volume of 


8 

10037 7.6 x 10-9 m? = 7.6 litres. In a smaller volume there will 
be a precipitation of dew. 

22.7. Find first the mass of moisture in each volume 
absolute humidity of the volumes which are mixed. W 


of air 


of air, i.e. the 
e have in 5 m? 


my Vi 0f, Vi — 12.8 X 0.22x 5—14.1g 


In 3 m? of air 
m,— pi? Ba V= 27.2 x 0.46 X 3= 37-58 


Next find the absolute humidity of the mixture: 
f= (т + m3) (V1 + V9) = 6.45 g/m? 

To find the relative humidity we must find the temperature of 
the mixture. Neglecting the vapour mass we may wriie the equation 
of heat balance in the form 

PoV scu (£— 15) = PoV sto (28—1) 

where the subscripts 0 show that the density and the specific heat 
refer to air. We have t= 20°С. Now it is easy to compute the relative 
humidity. 
14-0465 
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Solutions 


22.8. T оета, = 9.8 x 107 i 
= 2.2 X 40? pa, "M ‘cable to the 

Hees the Mendeleev-Clapeyron equation is арр case БУ 
critical state. This is because of the large part played 


218 atm = 
Pa; at the same time рег= 218 


I 
| 
| 
| 
| 
1 
1 
| 
| 
| 
1 


20 25 303185 tU 


Fig. 22.9. 
i i n ase 
molecular interactions, which are neglected in the case of an ideal g 
22.9. See Fig, 22.9. 


23. Phase Transitions 
23.1. Since evaporation takes 


= p (080 — vi). where 


Place at а Gon 
volume of 1 kg of th 


Stant pressure, qa 
vo = 1/p is the Specific volume, i.e. 
e substance, Hence 


laa | NE: 
Pvap Опе 


5.1 (see 
n steam at 100°C may be found from Table 35.1. 
E s). Since the specific volume of Vapour is almost a thousand Ша, 
pel: then the specific volume of liquid, it follows with 

pom 
ion 1% accuracy that W = PlPvap. 
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The energy spent on breaking the bonds betwee h 
m be found from the first law of Aerodynamics, pa 
z M is the врегбр heat of evaporation. 
.2. Ice melts under the pressure of the wire, and i inks; 
i water formed above the wire immediately ОН say RR 
.3. The heat liberated in the processes of condensation of water 
vapour and of cooling of water down to the melting point of ice is 
Sie a ms (L + cM) = 5.9 x 109 J. This is not enough to melt all 
e ice. For this the required heat is Qm — mA = 109 J. Therefore 
the ice will only partially melt. 
23.7. The heat of fusion liberated in the process of freezing of water 
will be spent to heat the remaining water to 0°C. Let the total mass 
of supercooled water be m, the mass of ice formed m;, the mass of 
remaining water ma = m — т. From the heat balance equation we 


have тү = (m — ту) cAt, whence 


Кш ЂЕ. 
=-m АСА! 
23.8. The outflow velocity is v = p/pS, where p is the - of water 


that evaporates per second. Obviously, M = mb where P is 
the power of the hot-plate and 7 is its efficiency. Hence 
v = nP/pLs 
t: t = —Ap/k = —4.35 °C. As the 


23.9. First find the melting poin 4 

ice is cooled to this temperature, the heat liberated is Q = mest = 

= me | t |. This heat will be spent to melt the ice: Qm — Fo Hence 
my, dtl 


he ice that will melt will be z 


the fraction of t 
c heat of ice and the 


In the calculation assume that the specifi 
heat of melting remain constant. . 
l is Q = o (Tor — Т), 


23.10. The heat flowing to the Dewar vesse. oir. 
where œ is a certain coefficient, and T is the temperature inside the 


flask, For ice and liquid nitrogen we obtain the ratio 


But for nitrogen Qa = MaL, where L is its heat of evaporation, the 
respective value for ice being Qı = mA. Hence 

mi Тан Та. from which m= mj (Tair 9) (Таг T3) 
: ? L(Tar— Ti) 


24. A Field of Fixed Charges in a Vacuum 


. 24.1 for the case of charges of different 
tion of the charges is greater than 
centrated in the centres of 
were concentrated at the 


24.1. It is evident from Fig 
signs that the actual force of interac 
it would have been, if the charges were con 
the spheres, and less than if the charges 


14% 


212 Solutions 


Dearest points of the Spheres: 
2 < F q? 
&двбг? me, (r—2r,) 


ounding 
The absolute error is less than the difference between ia E: fference 
values, the relative error being less than the ratio of t 


Fig. 24.1, 
to the minimum force, Hence, 


et a _ P(r 2r9)? _ 


Ато (r— rj) 
P, @—2%# a e 
on! 
24.2, Direct the coordinate axes аз Shown in Fig. 24.2. Let M be 
of the points where the Potential is zero 
Bim uU E M 
9799 Anery Anea 
Hence r, = 2n. 


Substituting n= УВЕ уа 
We obtain after 


Fig. 24.9, 


( EH Б = 
Tavity directed downwards and equal to m Иб 
= ie dee ate di the droplet. Tt is counterbalanced by ар m 
= ope gold (Fig. 24.4). The charge of the dr nier is 
iom the balance of forces. 
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24.5. In this case equipotential surfaces are spheres with a common 
centre at the source, and radii normal to the surfaces. If the potential 
is ф = g/Ane,r, the field strength is 


pe ss + (=) = 
dr dr \ 4ле / — Ane" 
and just this was to be proved. 
24.6. Lo Ed 9 | = t. 
? f T= — Tne тї 4negr od 


24.7. To find the potential, divide the ring into small segments and 
add up the potentials of these segments. The field strength is 


Bid. sl. d _4 qua pan) M? 
dr леу dz @+) 
4 4 (аца?) 73/2 be — ge 
os as t= — 
2 pa е але V (z*4- a?)* 


n this case a force couple 
le is zero. To obtain the 


+ 


24.8. (a) It is evident from Fig. 24.8a that i 
acts on the dipole. The resultant of the coup 
torque, multiply the force by the + + + 


latter case the torque is тего, and 
the resultant acts in the direction of ——— = = = = 


the radius to the source. The re- Ко. 
sultant can be found by two methods. Fig. 24.4. 
One may use the Coulomb law: 


Qa Оа 
Е= Е +-Е.= — Tre, (r—11)* (ray uc РЫ 
20га1 
= — Fre, (12 1214) 
at F. = + df 
F, Q 1 


Fig. 24.8a. Fig. 24.8b. 
Noting that the problem stipulates that 1 < т, we obtain 


2Qral __?ОРе 
Gne Aner? 


214 Solutions 
— 000: 00 ___ 


The same result may be Obtained from formula (37.15), if the 
derivative is substituted for the ratio of increments. We have 


dE d ( 0 20р, 
Р=р. 2222р 0 (_Q ex a. 
iin dr Be dr (z) &itegr? 


24.9. When the capacitors are connected in parallel (Fig. 24.9), all 
their interconnected plates have the same potential, therefore qı =A 
= б, (9 — Pa) and q3 = C, (o, — P2), where q, and g, are the charge 


MN Of the respective capacitors. 
The charge of the — is m 
= at g= (Cy + Co) (9 — 99 
C On the Other hand, а= C (Ф: — 
— 2), where C is the equiva- 
lent capacitance. Hence the for 
Pı Yo 
+ - + + 
Ф І! ф' 1 $2 
G !' € Co 
Fig. 24.9. 


Fig. 24.10. 


Dern sought, 
+10. When the capacitors ате connected in series (Fig, 24.10), their 
| Charges аге redistributed so that the charges of all ees are 


EEE ЛАД 


ў 


санын» ; í ich 
he solution is obvious from Figs. 24.11а and 24.11b, which 

Pe анна of the parallel and series connections of four iden 

HAT capacitors. The energy in the case of parallel connection is 

ica 


W par = aus = "бей. 
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and of series connection 


СзетФег (Cono nC ow 
2 2 == 2 — par 


24. йө: circuit. di 

of ee possible circuit diagram is shown in Fig. 24.12 for the case 

poite e-capacitor system. ]t follows from the diagram that a ten- 
n switch is required. When the knob is in the upper position, 


s 
1 h h р H Foe a ы 
МХ, NS XA X 


In series 


Weer = 


SF vj $$ TF tf Т5 


Fig. 24.12. 


Fig. 24.14. 


the capacitors are connected in parallel; when the knob is in the 


ower position, they are connected in series. M 
field inside the sphere. It is obvious 


18+ Suppose that there is a 
rom considerations of symmetry that in this case equipotential 
surfaces must be spherical surfaces concentric with the charged sphere. 
Accordingly, the lines of force coincide wi dii, i.e. they must 
either begin or end at the centre of the sphere. This would have been 
possible, if there were à positive or he centre 
of the sphere. But since there is no charge inside the sphere, the lines 
of force cannot begin or end there. Consequently there is no fiel 
24.14. Construct a second sphere around the sphere under considera- 
t harge equal in magnitude, but opposite 
in sign (Fig. 24. he result obtained in the previous 
problem, the charge of the outer sphere does not create a field inside 
it. Therefore the field between the sphe i d only by the charge 
of the internal sphere. If there is little difference between the radii 
of these spheres (i.e. if R1 — R < R), the field in between will be 
almost homogeneous, and its strength will be (see $ 37.5) 

о Q Q 


E= L =r 
805 ШТ R? 


E 
24.15. Let the volume density of the charge be p — 0.230. 
V 4лАЗ' 


R is the radius of the sphere. Choose a point M inside the sphere at 


where 


216 Solutions 


< R from its centr 
through it. From the re 


— 4 arp 
is created solely by the charge q = 3 


evious 
Contained inside the smaller sphere, By the result of the pr 
problem, the field at the surface of this 


sphere, i.e. at Point M, will be 


9 4arip pr 
BET 3xA4ngr?— 3e, 

We see that the field inside the Sphere 
Increases in Proportion to the radius; at the 
centre its intensity is Zero, and on the sur- 
face it is 

Ears PR 9 — 
Sut Зе, Ane  R? 


This dependence is Plotted in Fj - 24.15. 
16. The field Potentials on the surfaces 
of both spheres аге Ф = q/(Ax 


gg neo), respectively, Th 
di 


E&R), Ф = 
erence is 


е potential 


$—9—.7 (1 1 ) 
‚#720 1 
Тһе Capacitance is 


r Pression for the Capacitance of 4 plane capacitor The 
error is 
Cg — 
6 — Esp Cpi - Ri—R m1 
Csp R 


24.17. A ball of radius а carrying a surface charge may be regarded 

as a spherical capacitor Whose external sphere is infinitely far ate 

(i.e. R = a, Ry — оо). Mak 9f the previous pr' 

lem, we obtain 

C= lim ear, 
Bio HQ—q 


The energy of the field is 


= lim _ 4352 = iita 
Ric d — (a/ p) T 
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Equating i 
quating it to the rest energy of an electron €, = mec?, we obtain 


e? 
a= — 4k -15 
Ялеотес? idtm 


As is shown in $ 72.5, the term “classical electron radius" 
applies to a quantity twice as large re) = 2a = 2.8 X (i amd 
Fering thie result with the result obtained in Problem 14.23 we see 
a e latter was two orders of magnitude greater. This implies the 
the rrectness of the solutions of the two problems. In modern science 
ae po of the dimensions of elementary particles, including the 
eae is far from being solved. 

E The mechanical stress is equal to the energy density of the 

oe ne field (see § 37.8). We have р = wo = е0Е212. But we have 

E ready found the field on the surface of a sphere (see Problem 24.44): 

Pars AGANT: _ Hence the result sought. 

сы The electrical forces extending the film must exceed the surface 
nsion forces: 


q? 4g 
3213e, R* 2 R 


24.21. Before the connection is made there is a charge q1 = Сф; оп 
the first capacitor, and g = СФ: on the second. After the upper 
plates of the capacitors are connected, the charge q= Ф + 4s is equi- 
Partitioned between them. The potential of the unearthed plates is 


Фвув = 7 9 HTM 
вув ув 26 2 
The energy of the system before the connection is 


2 Ci 2 
петт Sl 


while the energy of the battery is 
Coys? 26 (вува) _ Crt oe) 
Weys=—Q SYS = Tx 5 emu = 
ergy is transformed 


connection. The lost en 
forming a spark, 


(heating the conductors, 
etc.). 


This is less than before the 
into other types of energy 
electromagnetic radiation, 


25. Dielectries 


25.1. 1f the plates are connected to the power supply all the time, the 
charge on ihe plates, and consequently the electric field strength, 
remain constant. The density of the polarization charge is equal to 
the magnitude of the polarization vector of the dielectric: 

Opol — P =ўе®Ё= (e—1) 8/8 
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Solutions 
1 Solutions OSS 


antity 
25.2. If the capacitor is disconnected from the source, the qu 
remaining constant is the ch: 


5 the 
arge on the plates; the ferendus pu 
field strength change by a factor of 4/e w en the dielectric i 
between the plates, Therefore 


po] = е0 Еф 


‘3. The aluminium foi] Sheets are connected alternately to ie 
nm of capacitors connected in parallel (Fig, 25.3). The numb 
of capacitors is equal to the 

x MMMM 
22222727, 
2222777, 


„Чё capacitance of a 
Capacitor wil] 


changed, if we 
thin piece of foj 


J l on top of Fig. 25.3. 
he оп ting layer, For this de up of 
Teason Capacitance Sought should be regarded as made i- 
е capacitances of twi Capacitors connected $ series, with capac 
C= abc S f 
2— И АХ 
4—01 / IN 
25.5. Here we have two Capacitor, INA 
ed in parallel, with capacitance кшш / | n N 
Cy = f, eso, / JR N 
ræt 0—1) ИЦ Э 
di, ІА 
\ 
and С, 22S. £e,S1 7 | \ A 
d dh y " М 
25.6. Тһе droplet is Polarized in [ 
field and acquires а dipole mom ya eat ы 
where P = ув, is the magnitude of the А 
polarization vector anq V is the volume of Fig. 25.6. 
the droplet, Ina non-uniform feq a force 
F= р, T acts on the droplet, We have 
2 
СИТИ 20 eae 
F=ZeEVE EK xa (6—1) e, Anger (- алергЗ ) = — Bateo 


А is directed upwards (Fig, 25.6). The force of gravity mg = 
Lo aggre downwards. The pro 


blem requires that the magnitude 
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of the electric force exceed the magnitude of the force of gravity: 
g£-—1 2 
(2—41) VO" — 5 Vg, from which г< V see 


2 
8? eqr® Bre pg 


25.7. When the liqui 
quid flows through a strongly non-uniform electric 
Дон шз to the edges of the plates, it is polarized and drawn into 
uu E DES between the plates. Since the charge on the plates remains 
m angea in the process, and the capacitance of the capacitor incre- 
Дер is is accompanied by a decrease in the energy of the field. This 
the EUM is compensated by the increase in the potential energy of 
column of liquid held between the plates. From the law of con- 
Servation of energy 
$ gg mgh 
20, 36 * 2 
бай b 
Here C, = 59, С = E: [a + (e — 1) h] (see Problem 25.5), m = 
af pbhd. Substituting these values into the first formula we obtain, 
after some simplifications, 
(e —1) 42 = вор għab? [a+ (6—10) №) 
Express the charge on the plates in terms of the potential: 
а= Ф,Со = £o ab/d 


After simplifications we obtain a quadratic equation 
myt hao 
* £—1 pga? 


Solving it we obtain the height the liquid rises. 

25.8. In this case, too, the capacitance of the capacitor increases as 
the liquid rises, but the energy of the electric field is not conserved 
but increases. Besides, the potential energy of the rising water incre- 
ases as well. Is this not in contradiction with the Jaw of conservation 
of energy? Of course not. The power supply performs work to raise 
the liquid, the increase in the energy of the system being equal to 
the work of the power supply in displacing the charges to the capac- 


itor plates: 
Wy.s = AWe + AW pot 


But 
Wp.s = Aq:9— (C — Co)? 
Co Сф? 1 1 
Was EAE, AWpot = -y malt = -y РЕР? 
Substituting, we obtain the result sought after some simple trans- 
ormations. 


e new variables: z = 


25.9. To plot the graph it is convenient to us 
and у = 10?X, where 


= 103/Т, where T is the absolute temperature, 


Solutions 
——————————Sehtions — __  .— 
Xe is the деше КАНЫП ei 
in Fig. 25.9, from whic his, 
satisfied in th ange (see § 38.6). Because Fete water 
culate the dipole moment o 


lecular 
vapour molecul e gas equation to calculate the то 


e, and th 
Concentration. 


xperi- 
тту out the computations for all four exp! 
Tage the results, 


А ation 
feature of the inert gases is their deform here 
8.5 we have Хе = Т! 


nd ave 
25.10. A Characteristic 
polarizability, From th 


е formulas of $3 


42 


4.0 
3.8 


3.6 


$4 


32 


20 24 22 23 54 25 26 x=109/T 


Fig. 25.9, 

i sty of 

n= P/ET is the atomic mmacentration and c is the polarizability 0 
the atom. The dipole moment of an atom in an electric field is 


== —— yeegE 
The atomic Concentration at А = (the 
Loschniidt number). Hob Standard Conditions is n = Ng 
pen Хсг®%Ё = (€—1) е,Е 
Nr, т. 
Calculations show tha 


26. Direct Current 
26.2. From the symmetry 
tials of points 2 and 4 are equal, so по current flows through 6:20, 
ductor 2-4 and it may be removed, fis given tip о Hig. 28. 
whose resistance is easily found, 
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je den resistances of the conductors are proportional to their 
z = r (1 — cos 36°) 


EU The problem may be solved in stages. First we replace the star 
nnection by an equivalent resistance shown in Fig. 26.4a, and then 
oy an equivalent resistance shown in Fig. 
26.4b. It is evident from considerations of 
symmetry that the potentials of points H 
and K are equal and so the connection HK 
may be removed. We obtain a circuit whose 
resistance is easily found to be a half of the 
resistance of either of the two parallel links 
of three conductors. 

26.5. It is clear from considerations of sym- 
metry that the potentials at points 2, 4and 
5 coincide, i.e. Q = Ps = Ф5 = q'. Hence 
the potentials at points 6, 8 and 3 coincide 
as well: фо = фв = P3 = р”. If we shortcir- 
cuit the points at equal potential, i.e. con- Fig. 26.2b 
nect the points by means of conductors 0: Bi ‚нен 
negligible resistance, the resistance of the E | : 
circuit remains unchanged. The circuit obtained in this way is shown 
in Fig. 26.5b. Its resistance is equal to the sum of the resistances of 


Fig. 26.4a. 


three series-connected sections of three, six, and three parallel- 


connected branches each. 
26.6. In a balanced bridge the current flowing through the galvanom- 
eter is zero, so Qc = Фр. According to Ohm's law for a homogeneous 
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Solutions 
m Solutions OSS 


to that in the series resistor is 


пАф 
U—ndp switch 
ition { 
i ircuit i tilizing a five-posi ter wi 
26.15. One possible circuit is that ut isan anime ther 
(Fig. 26.15). 1n positions 5 and 4 E E A, in theothe 


Я erml- 
three it is a voltmeter with t 
nals “+” ang V 


: 40 V 
26.16. The voltage drop e of 
takes place in a two-wiri 


Fig. 26.13, 


Fig. 26.14. 
t 
curren 
known Parameters, and this makes it possible to find the 1 
in the circuit, The number of lam 
to the ratio of the 


is equa 

PS connected in parallel is 
current flowing in the 

circuit to the curr 

2 A 


lamp. 


e obtained 
26.18. The en е wire is Ia 
0.бл!0°а? 
— "ApmeAT + 


26.19. (a) Numerical calculation, Compile 
Table 26.19 from е available data. The 
quantity of heat dissipated in time at = 
= 18іѕ A п = IER At. е quantity of 
heat dissipated during the Whole iime А 
is equal to the sum оѓ the individua] quantities of heat: 
á д j At 
sm EC ee NAA uL 


405 J 
= 2580 x 40 x 1.1.03 X n 
m 
b) Integration. The current, Changes according to the lav 
- P 2t. The quantity of heat is 
io 10 


10 
" [ona] (5-21 qt. әу f (51-2094 (5+2) = 
B 0 0 0 
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Table 26.19 


a: é | i, A | das А BA 
0 
1 : 6 36 
2 9 іб C4 
3 100 
2 н 12 144 
5 15 14 196 
6 17 16 256 
7 19 18 324 
8 a 20 400 
9 23 22 484 
10 25 24 576 
Total | 2580 
10 
= 20052) = 2 ggg LETS 1.08 105 J 
о 


numerical calculation was accurate. 


We see that the result of the 
rs present in Ohm's law Аф = iR 


26.20. For this circuit the paramete 


60 ohm 120ohm 400 W I200W 800W 
"d \ yt лү. NC N 
Бет 


Fig. 26.17. 
take the form 
m ^ dq 
Аф a г==1 mE a V a 7 
bir a Nc (== ) dt 


ase in the capacitor's charge in the 


is due to the decre 
to the expression for Ohm's 


The minus sign 
lischarge. Substituting in 


process of its ¢ 
law, we obtain 
dt dg 
C 4 


15-0465 
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Solutions 


Integrating, we obtain 


= lnq; A 
RC 


о obtai? 
= qo № 
where A isa Touslant. Noting that lor {= M 4 do 
= — qj + In A, from which А = qo. Hence 
t 


RC = —!nq--In do 


jn 
‚е орі 
; i = RC, we 
Denoting the time constant (the relaxation lime) t= R 
; tt 
Int t giving /— g-- que 
90 а 
For the Current we have Us 
4 Чо єзї. at where ig = to — 00 
Sate ige Ё o= nc 


T 
26.21, а) Whe m.f. of the batter 


wn 
* voltage Stabilizer, its 
Current in the сро 286, о 


»akdo 
Y is less than the preni the 
resistance is infinite aa 
т» сый оїеп jl 
ет... of the battery exceeds the iring p curren, 
of the voltage Stabilizer, į ance drops to zero and Е " 
| i is determined by the resistance of the resis ta 
сееп the 


г A r » vol 
е... and the firing potential of the 


in a circuit containin 
by the transconduc the device 
сітці However, c 
Le. if € 
Zero, and th, 


пей 
mine 
Б à barretter is deter the 
and is independent R? u 
. urrent flows only if € ter drops ! 
> iR. Otherwise the voltage across the harretter € 
© current through it ceases to flow, 


27. Magnetic Field in a Vacuum 
27.1. The rigidity of he Spring is due to the 
forces of interaction b 


t 
| etween the Particles of the 
reference frame the ateral for 


scal 
| electric 

existence of elc oving 

Material. In a n 


igidity 
А ecreases and hence the rig! 
the lateral Spring decreases as well: 

Ln = Koy yx 


jigi” 
i eri 
But if the acting force changes according to the same law as б the 
dity (the spring Constant) le spring, the latera] diniensio of rela 
spring remains unchanged jn full agreement with the theory i 
vits I T a curre 
аз nnie the Jollowing imaginary experiment. Suppose a € tha 
flows in a conductor from e left to th, i ity v. Let a Dy, 
the electrons MVE to the le ain velocity г. L E the 
alec ove in the same direc city. MT 
electron ios туз Of the Conductor there are three forces. ac pe 
pope the force of Tepulsion from the electron 

on 
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the force of a 
Ih acting гышо to the ionic lattice, F,, and the Lorentz force 
e resultant of ү апи directio It is known from experiment that 
alib оа ose three forc ; in the direction of the conductor. 
SES. "rho an: der the reference frame .соуо2о ОГ the electrons (Fig 
magnetic field here is exacly the same, but it does nol 


Fig. 27.3b. 


Fig. 27.3a. 


act А 
чш stationary electron. 'The forces acting on an electron are the 
lion fu repulsidn from the electron gas, F2’, and the force of attrac- 
rame ü {о the moving ionic lattice. But if in the former reference 
e DEAS electron № attracted to the conductor, in accordance with 
ence ineiple of relativity it will be attracted to it in any other refer- 
S po ame as well. Therefore FO > FS? and consequently, ED > 
greate Ж Me see that the lateral field intensity of moving charges is 
field r than that of stationary charges, i.e. greater than the Coulomb 
тад Neglecting the thickness of the w 
ius of the coil and the other dimensions, We 0 
si 


0 |. 
т the field induction on the axis: 


ire as compared with the 
btain an expression 


_ пога? 


ST END 


a is the radius of 


a turn, and i is the 
f the coil where 


be w is the number of turns, ; i 
th ance from the centre to the point on the axis 0 
reed is to be determined. usen) 
ia - The induction of the magnetic field in the centre of a long sole- 
oid is B = poin = puo jul L. If the wire is closely wound (see Fig. 21.5). 
sulated wire is d — i/w. Hence B= yoild. 


Ша diameter of the ins 
t the end of the solenoid the field is twice as wear. 
we obtain for the 


ae Making use of the result of Problem 27.4, 

ield at the centre of the ring 

B, — Hiwa? / 1 1 P 
e= ign (ast уз) = 


аз ! (a? | a*/4) 


) — 0-898pgiw 
a 


15* 
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The field induction at the midpoint is 


2jtoiwa? 0.913pugiw 
Bm 2761372 = а 
2(a2-; а?/16) 


в ы xi form: 
It may be seen that with a small error 6 the field is almost ur 


8. Вън, = :913—0.858 _ 
Bn 0.913 

27.8. Putting the speed of rot 

to be equal to v .— Or, we obta 

27.9. Consider the disk to be d 

area of a typical ring is AS — 

ring. The с arge of the ri 


the charge creates 
strength 


6% 


2 

Janr 

ation in the fomnia В = рой! 
tin the charge sought. — ;, The 
ivided into thin concentric e the 
2лг Ar, where Ar is the thicknes tating 
ng is Ag = g AS = 2логАг. When ro with 
а magnetic field at the centre of the ring 


An — Mv — wår 
Aare 77» 


al intensity of the field 


The tot 


at the centre is 
II - 


1 
y 99 (Ar, 4 Аһ.) = coft 


Ара = inr? = ga Aq 28.8 Aq or? = noor Ar 
T 2 
To find the total magnet, 


i k must. add 
16 moment of the p Lati isk we 1 
up all these values. We have 16 rotating dis 
R 
т= | Towr3 dr= asm 
0 : 
The moment of momentum L = to = 4 mR = 4 aophh ' 
where p is the density or the material. We have 
Pm i 
L 2ph 
27.10. The magnetic held induc tion at (he point ot interest is 
EA 
варь HoPm 
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The gradient is 
dB рт 1. 


(а? dani = 


dr 2л dr 
3 BoPm o2 1 un 3 
5-9 (a? +02) 302r —- v 


28. Charges and Currents in a Magnetic Field 


28.1. › ; 
Р The momentum of the particle may be found froin the condition 
— = 3 td ка 

n 2eBu, since an alpha-particle is a doubly ionized helium atom. 


жа M established the fact that this is a nonrelativistic particle, 
nd its velocity and kinetic energy from the equations 


и = 2eBR/m and К = 2eB?R*/m 


9 p 

ae momentum of a muon is half that of the alpha-particle 

пе previous problem. It may easily be established after calculating 

th anti p " P а 

| 1с quantity ae ET = 1.66, that the muon in this problem 

is a relativistic particle. We find В = 

of the particle may be found. 
The rest energy of a muon is 207 times that of an electron, 1.0. 

%.-207 x 0.511 = 106 MeV (sce Problem 8.1). The total energy is 


а er , and the kinetic energy is K = 8 - бо. 

H — 8° 
28.3. Since the charge of the particle and the magnetic field induction 
remain unchanged, the radii of the tracks of the particles аге propor- 
tional to their momenta: RR, = pipe. The relation to the kinetic 


energy depends on the nature of motion. 
(a) Nonrelativistic particles. The momenta of the particle are 


proportional to the square roots of their kinetic energies, and there- 
fore also proportional to the radii of their tracks. 
(b) Relativistic particles. In this case the dependence of the momen- 
tum on the kinetic energy of the particle is more complex: 


p= + үк@ ЕЮ 


0.856, from which the velocily 


Hence we obtain the desired ratio of the radii of the tracks. 

28.4. This is a relativistic electron, since its total energy € - бо ЕА 
F K=- 0.511 -+ 1.5 = 2.0 MeV is much greater than its rest energy. 
We obtain from mu*/R = euB 


CU eB eBe* 


28.5. In the field the electron acquires a kinetic energy of 20 keV, 
which is much less than its rest energy (511 keV). Therefore in this 
problem it is a nonrelativistic particle. Resolve the electron velocity 
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into two components: one along the 
and the other perpendicular to it, v, = 4 


act on the electron in the longitudinal dir 


r 
will move at a constant speed along the 
tion 


"08 Gy 
"M ; . ыл pcos 
line of induction, : " шы 
sin ® (Fig. 28.5). No gno 
: ‚ electri 
on, therefore the pé 
is according to the 


5 == EH Up = zo + vL cos zz 


In the latera] direction (i.e, in the г 
upon by the Lorentz force, which make 
in this plane a circle with radius 


is i cted 
y plane) the [енш 28 iof 
s the projection of its 1 


а=; Bs 
Rite _ Y Ime sing ^ 
ae NL eB 


and with period p = 2лт/еВ. 1n space (| 

the electron Moves along а helix which 

Winds around the lines of induction. The 

radius of the circle, R, Was given above, 
The pitch of the helix is 

2:unv созш 

hv. T= eR = 27 cota 

28.6. An ion e а uniform ma netic 

field at an angle to th i 

will move along a helix to one of the poles 
the magnet, and alter 


and leave the b 


i- 
] Magnetic field s} ade slightly пол 
form (in the shape of a areal} (Fig. P m vun 
F: ions, concentrating them ; or 
28.7. The electrons in this Problem” Y , they ap 
д at а speed u — V 2eg]m = 4 33 x 107 m/s. In t 
magnetic field they move along an аг a circle of radius 2 
= um/eB (Fig. 28.7Ь). The alec peti гес а 


1 
Ctrons are defle, rough an ang 
-GCE = о. But the angle 26CR | cflected throug 


=. 2. С 
[ 5 congrueft to the angle + 
(as angles with mutual] icular sides). Therefore 
sing ...MC er eBl ... ell 


le 


бб R~ тош V map 
As is evident from the figure, GD — GE + ED, or [2 
d= Lan & БА (1—cos a) -Ltana nq 1— cosa = 


i =L tan«4-l tan 79 
sing 
Knowing the parameters of the device 
the displacement sought, 
28.8, Making use of the result of p 
eEl l 
"pay Ue) 


EN 


а ate 
one may easily calcul 


roblem 4.14 we obtain 
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whence 


1/2) 
28.9. First we fi , ^ 
E ea d dos the charge of the ion using the condition mu?/R = 
isis ithe Е Ерни mulBR. Taking account of the fact that heavy 
nonrélslivis "Orgy range of hundreds of megaelectron-volts move at 
ativistic speeds, we have m = A x 1.66 X 10-7, where 


Fig. 28.7b. 


Fig. 28.6. 


ass of neon. The momentum of the 


A == 20.18 amu is the atomic m 
y 2mK. Hence the charge 


ion is found from its kinetic energy: mu = 


of the ion 
37 100 x 1.6% 10719 


ун _ V2 20.18 x 1.06 x 107 
g=- BR 1.55 Х 1.1 


— 6.6 x 10-19 C 
Dividing by the electron charge we find the neon ions to be ionized 
quadruply. 
The total number of revolutions an ion ma 
energy divided by the energy acquired in the 
through the accelerating gap: 


kes is equal to its kinetic 
process of passing twice 


Ve M, s 100x108 45 
ШЕТ = 3z4x39x10 2 


The frequency of the change in polarity of the accelerating field is 
equal to the cireular frequency of the ion: 
u qB 


"элн mE 


induction is found from the condition 


„ете OA 
n V K (26-1 К) 


А еВ = ecR 


28.10. The magnetic 
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and the frequency from the condition 


VI жу 
= 2л? i 

ati yele 
(see § 41.6). Note that towards the end of the аа " 
proton's energy is so great 2 ‹ Пиш from whic 1 
28.11. The condition for the balance of forces is е => eu icle's char! ^ 
Ne get и = E/B. Since the change in the sign of the partic of both 
a versa] in the direction snot be 
^ sign of the charge ca! 


the 


established, in the diame- 
28.12. The dista interest js equal to the difference mt oth ions 
ters of the ionie orbits \= 2(R,—R,). The speeds of b 

are identical and ar 


2 sip passag 
are determined by the conditions of their postën 
through the velocity filter: u = 


К и = Е € radius of the orbit is 
= mulgBy = mEIqBBo, Therefore the ifference sought is 
2E 
б=т. (а т) 
We obt 


ain the 
ionized, jo 


ought hy 
‚ DY putting 
28.13. Making sh tine q 


ve singly 
assuming the jon to be 


e. | noting 
mg use of the result of the Previous problem anc 
that gj. ^: We obtain the expression for the ionic m 
el Bt el Be 4.82 ин : 

es 3g e Ni» Weg (ати). М (amu) 
А а : x ' hile 
28.14, The Magnetic moment of the Moving coi] is Pm == wis, N 
the torque js M - „В, since p 

45. A torque M = wi 
a torque Af 


em a = 2/2. ей bY 
© moving coil balances е 
ity of the twisted thread. W which 
quating, wo obtain fg - ті В. from tation 
i the coils angle of roli 


“ІВ acts on 
а > Ja due to the е 
is the torsion 


We see that 


в . will 
ig the moving coils hanging freely thei? 
es sa that their planes will he Perpendicular to t 
ci " a 
common axis. The force of interaction isp, dB . Noting th 
Im dz 
dB 


= — бирь 
bs 4n (a... ,2)873 
(see Problem 27.11) and t 


rob- 
' hat according to the conditions of the р 
lem r zr Sa, we have 


dB бор 
ар == Ax 


The force of interaction is 


du Gua p2 
F= Ppt? __ барр, 
"dr 4nri 
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It is quite similar to the force of interaction between electric dipoles 
(see §§ 10.4 and 40.6). ` 
28.17. Making use of the result o the previous problem we obtain 


бишне 3npgw?ita* 


Ps 2 
Алгі ort 


28.18. Тһе positive charge circulates as shown in Fig. 28.18a. The 
direction of the magnetic moment is established with the aid of the 
screw driver rule (sec 40.5. 40.6). The direction of circulation of 


B 


Fig. 28.182. Fig. 28.18b. 


pposite (Fig. 98.186), but the magnetic 


directed against the field. 
co Problem 28.5), the particle will move 
1 the lines of induction. Let us resolve 


a negative charge is the 0 
moment is, just the same, 
28.19, As was shown above (s 
along a helix winding around 


Fig. 28.10b. 


the velocity vector into two components: the lateral v, (the orbital 
velocity) and the longitudinal vy (the drift velocity). Since the orbital 
moment of the circulating charge is directed against the field, the 
magnetic forces tend to push the charge out into the region of the 

and 41.10, where the dipole and 


weak field (compare with 55 37.4 i , 2 с 
magnetic moments are arranged in the direction of the field). We see 


that as the charge approaches the magnetic mirror, its drift velocity 
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Solutions 


А gyra- 
ae > high field 8" 
decreases becoming zero in the case of a sufficiently hig 
dient (Fig. 19b). From thi 


ularly 


adiu 
ПЕ tion 


Fig. 28.19¢, 


lakes place if the entire path of the p 
the field. 


ons 
з electr d 
Since, according to the conditions of the репи the reflect 
move perpendicularly to the “magnetic mirror”, they wi is less 
backwards, Provided that the radius of the semicircle is 
the thickness of the “mirror”, Hence РА « d. 


aoe 
B= VRE | ETT 
o 


side 
jo insit 
article happens to lie 


The tota] energy of the electron is 
the kinetic energy is K = 


У 15 =g 6 
Finally, we get 


К< %(ү{ + CeBa]m cya — 1) 


29. Magnetic Materials 
| TER 
29.1. According to the definition of the Magnetization vec 1\ 
the as ied Moment of а body in a Magnetic field is pm = n 
= „НҮ. . ; = ale 
29.3" The saturation Magnetization is Meo, = пору, where magnetit 
is the concentration of the atoms, pma = 7.95up is the : 
moment of a single atom, ditm А у 7.95н/®. 

29.4. Making use of the result of & 38.0, we obtain 


DM 


j -Ekr © —*, 
A-5456 =. ЕЛЕДА 
Nai Yu 


kT 
ri 
А nte 
! i are orie 
But Ny is the number of atoms whose Magnetic moments ar 
along the field, the energy is $ x 


+ of aton 
t= =p BN, istic cv Fal 
Төп "1 P» IN» is the reir 
hose magnetic moments are Oriented against the field, t 
who 


1 
15 
ner£? 
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is 6, - pmB. We have 


t E E RIN 
2 p alee the Curie point of ferromagnetic materials is of the order 
undreds of degrees Celsius, the energy of thermal motion is 
E e kT - = 1.38 > 10723 x 400 а 5 5: 10721 J 
The energy of interaction of two magnetic moments is m = 
= pmB = цор lánar. Putting r zm 1 A, pm = ив, we obtain 
Am x 9.282 7: 10715 
2 E = 2x 10-23 
m 25 Z 107 x 10-39 z 2 10 J 


fa а а 
eet epe interaction energy of magnetic moments is by 
ihevetare 5 M magnitude smaller than the energy of thermal motion; 
rar A a interaction is incapable of causing spontaneous 
29.7 enun inside a domain. 
iion. 1e Curie point for iron is 770 
m must exceed the energy of ther 


10? 
100 


°C, the energy of exchange interac- 
mal motion at temperatures below 


80 
6.0 
4.0 
2.0 
0 — p; 200 300 400 500 600 H,A/m 
Fig. 29.9b. 


Hence gex > КӨс. | | 
atom whose magnetic moment is pg = 


the Curie point ө 
29.8. The lorce acting on an 


dB. 
= + py is P d where Т js the ma 


where a = F/m, 


ignetie held gradient. The 
t= Uv. Substituting, we 


deflection is А = а 


obtain 


, 


Pml? аз 


В 2mv* dz 
But 1/2 mr? = 3/2 kT. Therefore the final result. is 


"y 
h-=t “бк dz 
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29.9. From the graph 29.9a we compile the table 


ae 
] 1500 
Hie | S | 75 | 100 | 200 500 | 1000 
3 
‚оз 10.810 
и [5.0 «102 | 9.6 ШТ 5.010? |2.2 103 m 


The graph for p is given in Fig. 29.9b. sing the 
29.10. The right-hand half of the hysteresis loop is plotted Votrically 
data given in the table; the left-hand half is plotted symme 


BT 
14 
12 


1.0 


Fig. 29.10, 


Fig. 29.10). The coercive force is determined 
a Be of the graph with the H-axis; 5 
point where the upper and lower branche. 
saturation magnetization is 


at the point of inter” 
aturation induction is the 
5 of the loop intersect. The 


Bat 
Мы = — EL c sat 
P sat zz —Sat 
i Ho 
x The residual т 
r Bgat > ptollsat- d 
s Pett nEH at the point o 
r 


B-axis. 


nagnetization is M. — B,/ where 
f intersection of the graph hth the 


Electrodynamics 237 


30. Electromagnetic Induction 


30. P 

"1. The bulb will not glow because the magnetic flux flowing through 

unchangedk made up of the wings, the wires and the bulb remains 

ancnangerd. 

e Um forces acting on a falling conductor are the force of gravity 

i ш downwards and the Ampere force F = iBl directed up- 
s. By Ohm's law i = 8/R and the induced e.m.f. is & = Blv. 


p 


К 


Fig. 30.4b. 


со 


Fig. 30:4а. 


Непсе {һе Ampere force is F= вн. The equation of motion 


of 
Ї the conductor is 


mg—F _„ Bre 
eS = 
я m 8 mR 


After a certain moment of time the acceleration becomes zero 
and the conductor continues to fall uniformly at a constant speed 
(compare with Problem 5.13). | | | . 
30.4. The rod moves perpendicularly to the lines of induction of the 
Magnetic field, and in a small section of it an elementary e.m.f. 
MB = Bv Лх is established, Az being the length of the section anc г 
ils velocity (see Fig. 30.4a). The voltage across the rod is the sum of 
the elementary e.m.f.'s. Since V= OT, \% — Bor Ar. The result 
may be found by two methods: 

(a) By integration. We have 

П 


Аф = | Bor dr = Во | 2 


0 


(b) Graphically. Plot a graph of the strength of the induced field 
E* = Agl Ах = Bor. Since this is a linear function, its graph is 
of the form shown in Fig. 30.4b. The voltage is numerically equal 


to the area under the graph: 


1801 Bol? 
a EC 


Aq = 


238 Solutions 


d 
Р ant spee 
30.5. The force applied to a conductor moving at a constant 5 


: е c 2 erent is ¢ 
is equal in magnitude to the magnetic force. But the,curren 
Blv 


Rr: Hence 
F= iBl = B*Fv/R 


] to be 
30.6. Since the ring is small, the field inside it may be assumec 


netic 
uniform and equal to the field on the axis. Therefore the mag 
flux is 


D= ps = Pm 
4n (a? 4- 72)?/ vis 
The variable in this case is the coordinate z = ду — 11, where 
the velocity of fall. The magnitude of the induced e.m.!. is 
AU _ Нора по... 
lur ай шты 


3 ара буй... 108 Bpo mitry 
mp НоРтг? (a? 4-22) "7804 ar = 2a? par?) 


sg the 
30.7. The induced ели, is g= — 52-0 ‚ since. initially je 
A sagh 
magnetic flux through the ring is zero. The charge flowing throug: 
the circuit is 
i E Фф 
=tio S ap? 
q0-—iA p^ R 


It is equal to the galvanometer constant multiplied by the number 
ol scale divisions; q = CN. їй 
30.9. А change in magnetic Пих is accompanied by an induced electri 
field of strength E* = ¢/2nr, where r Ш the Айна of the ring. This 
field causes the polarization of the dielectric, i.e. a preferential orien 
tation of its dipoles in the direction of the induced electric field. |, 
30.11. The current in the circuit is 7 = (6 — fing) R, where é 
is the e.m.f. of the accumulator battery, R is the resistance of the 
circuit (including the internal resistance of the battery) and ind 
is the e.m.f. induced in th 


Е e armature in the course of ils rotation: 
When the armature is stopped, čina = 0 and the current is Јо = 


= 6/R, from which we find the’ resistance of the circuit. The power 
of the motor is 


P 18— rR- [е (1-5) 
0 


f turns divide the length of the torus' 
е wire diameter. We obtain 


w = xD/d = 80л/0.6 = 420 
The magnetic field strength is 


30.14. To find the number o 
internal circumference by thi 


Hus on» 0D 
1 ы ары 
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Where D = {: " А 

of the n 120 mm is twice the distance from the axis of revolution 

agains " the centre of the generating circle. 

of Fig, 29 К the magnetic. field strength and making use of the graph 

Wm ВИ So pig the induction of the field. Applying the formula 

volume Srl ni find the energy density, and multiplying this by the 
@ miiti 16 соге we find the total energy of the magnetic field. 

ance is found using the formula 


Wg-Li*/2 


30.1 
Minis dud energy of the magnetic field in the absence of the ferro- 
energy St the is Wm = 17280021 . It is significantly less than the 
espile tl the magnetic field in the presence of à ferromagnetic core, 
Same ir jas fact that the current flowing through the winding is the 
magneti both cases. The explanation is that in the absence of a ferro- 
quick] 161016 the current in the coil attains its stationary value very 
the a and the work performed by the power supply in inducing 
30.16 agnetic field is much less than in the presence of such a core. 
the n the case of a good contact of the armature with the core, 
S a rce of attraction at one pole is F = ms. Therefore the armature 
с, whole is attracted with the force F = 2Wm5 = B2S/pto Where 
(seo ne X 60 X 10-5 m? = 36 x 10-3 m? is the core cross section 
the Fig. 30.16). Since we assumed the gap between the armature and 
10 SE to be negligible, we may assume the induction of the field 
in ja the same in the gap as in the core. The magnetic permeability 
r^ gap, on the other hand, is unity (I = NE 
p. NO have Fear = Baans jig in case ol saturation magnetization and 
Pre BiSluo [is the ase b residual magnetization. The values of 
Beat and By are presented in the table following Problem 29.10 (see 
also Fig. 29.10). 
form & + t — iR, 
[EM 
Lz is the 


written in the 


30.18. Ohm's law should be 
and éL = 


Where is the e.m.f. of the power supply 


e.m.f. of self-induction. Hence 
di ; 
$—L-W iR 


€/R = Im, the stationary 


duce the notation 1 
Ve obtain the equation 


Divide by A and intro › 
current, and L/R = T the relaxation time. V 
di 


di, MN 
Tcp or тег i— 1м 
Multiplying by d^, We obtain 
di di 
— c di— (i— Iw) dt: or Tu 
Integrating, We obtain 
di 1 ( — 
Qd d at, yielding — = ! à 
f id z] ‹ yielding In (i— Гм) = — Ale 
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Solutions 
where C is the integration constant. Taking antilogarithms, We obtain 
ER. gx е: 
When ¢ = 0, the current is i (0) = 0, so € — Iw. After some sing 
transformations we obtain 


i= Im (1— e~t’) 


nction is shown in $ 43.12, Fig. 43.6. 


ve have 
е result of the previous problem, we 
ntial equation 


The graph of this fu for 

30.19. According to th 
i == 0.97м an expone 
On- Ty (1 ett), 


or е Vani 
Taking the logarithms 


+ We obtain 


[| 
—— loge = logo.t, ~~ 0.434- —4 


Hence ¢ = 2.3r. за when 
30.20. The formula obtained in Problem 30.18 is no longer vali¢ ts 
the difference between the statio 
becomes equal to the thermal curi 

increase in the current is replaced b 


jons 
of the current around its eq 


ati 
Y the usual thermal fluctu? 
uilibrium = value. 


31. Classical Elec 

А e 

31.2. Here the centrifu, Tet = mor, where г is US 
distance from the appropriate Point of the conductor to the ce! 

of the disk is the non-electrical force 


acting on the disk. The Strength of 
this force field is 


tron Theory 


gal force of inertia, 


re Гер mor 


e e 
The induced. e.m.f. may be found 
either graphically (Fig. 31.2b), or by 
integration: < 
Fa 
Me E | E* ar 
v 
з ти 
mw? E dr. mor 
в | De 
0 


31.3. The electron concentration may be com uted res- 
sion for the Hall voltage (see § 44.2) and the ° E е ваш 
of copper found from the data on the dimensions ob tis plate the 


Electrodynamics 241 


Current. and 
We may nd the longitudinal voltage. Knowing these quantities 
314. Bd find the electron mobility on fua (44.8). ' 
ion in it is e d is a monovalent element, the electron concentra- 
топ, Rent Es to the concentration of atoms. The density is р = 
e atomic no is the mass of the atom. But mo = AIN a, where А 
mass. Hence n = pNA/A and the Hall constant is 


31.9, A Ry = AlepN A 

in the t, Bermocouple may be regarded as à heat engi 

er to the pratt range from 7, to Т», where the indices 1 and 2 re- 
ot and the cold junctions. When a charge passes through 


erm A 
charge ров; work is performed equal to W == 10. The transporte 


ne working 


Ww по: 
q —— — p mi 
31.13, Fi * a (Ty — T2) 
easily pe find the volumetric heat (molar heat capacity). It may 
Шар c e established (for instance, by checking the dimensionality) 
7 = pe. From § 45.3 we obtain 
NE SES 
А26 арс 


32. Electrical Conductivity of Electrolytes 

an electrolyte is y = 9” (b, + 
the dissociation coefficient 
— e. The concentration 
M is the molar mass 
lues, we obtain 


32.1 
im aye electrical conductivity of 
sou ht. aqno, (b, + b). where « is 
of the | The charge of a monovalent ion is q 
th solution is C = топо = Mn/Na, Where 
e dissolved substance. Substituting these va 
yM 

mi 

9 — 2074 (by +8) 
32. ý i 
2. The mass of material deposited on the cathode is p5d = LZ $ 

A 

Z = 2. The remaining information is con- 
f the problem and in the tables. 
ng through the solution, making use 
hanges linearly, the 
5.4 A, the charge is 
he same result may 


the valence of nickel is 
32 део in the statement о 
BF thy First find the charge passi 
Bran: graph in Fig. 32.3. Since the current C 
Саз ual] value being iev = 6 — 0.03 x 180 
he y obtained: q = (io 7I- iey) t/2. Incidentally 
obtained by integrating the expression 
180 


(вагу this). Then the mass of copper may be found from Faraday's 
32.5. The e.m.f. of i 

„нә лил. the power supply should exceed the e.m.f. of 
polarization, which may be found from the specific energy of the 


16-0465 
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chemical reaction: 
A 
ENAZ 

T ated е 
32.6. The capacitor's charge is q = CAg, the accumulate oduce 
is Исар = те (Ag)? = 1.8 J. The amount of hydrogen pr 


сс of con^ 
is m = Acap ; the quantity of heat liberated in the a n the 
g a 
bustion is % = т), = 9.1 x 10-3 J, which is much = discharge 
energy of the capacitor. Obviously, in the course of the 


pop AK = в 
nergy 


30 60 90 120 i50 180 Ls 
Fig. 32.3. 


of the capacitor through the electrol 


yte, part of the energy 89. on 
in it will be liberated in the form of heat, Pih only a smal fracti 
being apent on the chemical reaction. d 
32.7. The lift Р = ( 


sn an 
И fo — рн) Vg, where p, is the density of ait а 
рн the density of hydrogen. The mass of hydrogen is 


m= pay = PHF /g (Po — py). 


Applying Faraday's law, we find the ch 


e 
i arge q passing through the 
electrolyte solution. The energy required 


to produce the hydrogen ! 
= pg -+Q 


— has 
here Q represents the Joule heat loss. The polarization e.m.f. 
already been found in Problem 35 5. Р 


а е one should first find the logarithm 
of the current: 


log isat = log zt-F log d+-log 1-4 log B-42 log T—0434 log Ag/kT 
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33.2. According to the Richardson-Dushmann formula we have 


(Te \? exp [ A602 —T92. 
(тг) exp [ ЕТТ» | 


1 


gy the computation one should find log z. А 
.3. The collision of the electrons with the anode is an inelastic 
оде, and this makes it possible to compute the force using formula 
(17.19) from § 17.5. Noting that the current is i = enSv, we obtain 
yim і ү Зерт 
Ё== т = y 2eqm 


33.4. The ratio of the saturation currents of the two cathodes is 


а (21) ox (2-4) 

яе -( i) ехр (7. АТ, 

38, Caleulations should be done for the linear section of the charac- 
teristic curve. In this case a change in the anode voltage AU, = 
= 150 V, with a constant grid voltage (for instance, with Ug = 0), 


Causes a change in the anode current of Aig = 75 mA. The tube's 


Internal resistance is R; = Ave . The tube's amplification factor is 


AU 
u = ——а jo, p is the ratio of the change in the anode voltage to the 


change if the grid voltage which causes a given change in the anode 
current, It follows from Fig. 33.5 that a change of anode current 
Mua to 75 mA may be obtained either by changing the anode voltage 
pA AU,= 150 V, or by changing the grid voltage by AUg = 7.5 M 
Therefore the grid is 20 times more effective in controlling the current 
owing through the tube (on the linear section of its characteristic 

curve), i.e. amplification factor p = 20. 
33.6. Away from the saturation region the current density is a func- 
tion of the ion mobility (§ 48.2), from which we get for the ion con- 

centration 
— ы ы 
n= 2058 (b, 3-5) 


in normal conditions is equal 


The concentration of air molecules т ) д 
which gives the ionization coef- 


to the Loschmidt number (§ 26.9), 
ficient a = n/Nr. 

33.8. Away from the saturation region the current will increase, since 
the strength of the electric field increases as the plates are brought 
In conditions of saturation the current will decrease, 
since the efiective volume of the ionization chamber is smaller. The 
tics are shown in Fig. 33.8. 


33.9. The saturation current is isat = BnoeV = veV, where v is the 
i r second per unit volume of the chamber. 


33.10. Usually the computations are carried out using the relation 
jelds too large a value for the tem- 


16* 
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perature: 
T= eat. zik 


In fact, ionization Lakes place 


n 
The reas. 
at lower temperatures. The 

is the Maxwellian molecul 


; which 
ar speed distribution, according 10 i of 
in equilibrium conditions there is always a noticeable per 
molecules with speeds exceeding 
the average. For example, from 
Table 25.1 (see § 25.2) it may be 


== 2х 2.50, - 
seen that 368 ^ 25% of the mole 


cules have a speed more than three 
limes the average. This means 
that their kinetic energy is more 
than nine times greater than the 
average kinetic energy of the mol- 
ecules. 


33.11. Thermal motion of ions and 
of electrons in 

takes the form of mo 
of circles, whose radii 


. B 
33.12. First find the Reynolds nian bse: 


= ful _ 13.6 x 103 x 5 x 10-2 0. 
= 1355 10-3 —— — 5.8 x 101 > 2300. 


а КЕТ 
Hence the flow is turbulent andi " e aid 0 
the Stewart number: it should be assessed with th 


N= TB _ 1.05 108 x 0.36 x 5 x 10-2 
рь 13.6 X 103 5: 0.2 m 
But the Stewart number тергезеп 


- {5 the rati tic force 
to the resistance of pressure. Hence atio of the magneti 
will appreciably айе, 


ent of hydraulic friction. 
33.13. 
= 12 x 108 x 5 x 10-2 у 0,9 
Re= 33471033 = 4200 > 2300 
_ 73.9 X 0.36 x 5 х 10-2 
N- 102x Тоз 2 — — 6.5 10-2 < 4, 


33.14. Since the lines of in ozen int the 
magnetic flux will remain unchanged as the star meee бу, 
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or Bg? — " ? 
For te B,R3. Hence we find the magnetic induction of the pulsar. 
lem ion star radii (prior to contraction), and pulsars, see Prob- 


33.15. Tho 
15. The pressure of the magnetic field is equa 


Dm => Шт В? [2 


1 to the energy density: 


The 


Ni 


pressure of the gravitational forces will be assessed in the same 


ay as in Problem 16.7: 
Б зл үм В _8үМ? 
Peray 0 gapa DRE 2 1678* 


stituting the values of the pulsar's mass and radius (see Prob- 
al pud we obtain the value of the pressure exerted by t 
И тсез. 


Sub 
lem 
tion 


34. Harmonie Vibrations 


34.4. ^ 
^. The expression for the kinetic ener£y is transformed as follows: 
Kx: " 3 - 

2.50 cos? (эол! EAE) —135 [1+ (20м +) | 


= 1.25 (1 + sin 407) 


tho he frequency of energy oscillations is VK 
34 p Piod is Тк = 0.05 s. 
did The law of oscillations is of the form s — A cos (ot + P) 
fu зо = 0, it follows that 0 = А cos 9, giving ф = (24 + D : 
(ico А! phase is always less than the period of the oscillations 
Th. Hence q = 2/2, or ф = 32/2. 

velo he particle's velocity is v= —Aw sin (o + P). The initial 
the City v = —A o sin ф = 0.20 is, according to the statement 0 
= problem, a positive quantity, and this is possible only if Фф = 
ü 32/2. Hence, Ac = 0.2. But o = 2nv = л rad/s. Hence the 
amplitude is A = 0.20/л = 0.064 m. Knowing the amplitude, the 
of ney and the initial phase we may easily write down the equation 
34 the oscillations. 

4.6. The equation of the oscillations is of the form s = A cos (wt + 
+ Ф). The total energy is W = mo?A2/2, the velocity Is °=- 
= —Ao sin (ot + Фф). M the initial point of time 


= 40л/(2л) = 20 Н», 


SoS А Cos, 7 7 Ао зїп ү, W mw? A®/2 
giving sin p= = —% эр . Since sin q > О and cos Ф > 0, 
it follows that the initial phase Фф lies in the interval 0 < Ф < n/2. 
The circular frequency is © = — Yo cot p, the amplitude A = 
So 


"EX 
1 (3) . The period of os illations is 50 ms, so tlie time of 


Vv 
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"T ‚а distance 
0.4 s spans 8 periods. During this time the particle will cover a 01 
equal to 32 amplitudes. 


34.8. Apply the vector diagram (Fig. 34.8). Here 
AXE ГА ANS (4/4) — (4/8) 4. 
"dum E 
34.10 Carry out the following transformations: 


t 


4 
4 


Fig. 34.8. 

ot. o 

s=4 cos? "uc sin 100% =2 (1-1 cos t) sin 10002 
= 2 sin 10094 --2sin 1000¢-cos t= 


‚0990! 
2 sin 1000¢-+4-sin 10012—sin 9 
The spectrum is shown in Fig. 3 


4.10, 
4,m 
Am 30/16 
1 
1/16 


999 1000 1001 со, гад 


496 — 500 504 aw, rad/s 
Pig. 34.10. | 
К dr Fig. 34.44. 

34.11. We have 


1 
4 4-сов2 t -]- sint t крз (14- сох 20+ (4 — eos 20 


Й 
=7 (4+2 +2 cos 2t--1—2 COs 2t + coge 2) 
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2 1 (cosa) ]=-р 05400840 


| [+= 
Hence it follows 


1 
Sum 
g (15-+ cos 4t) sin 500 


15 
— sin 5002 de sin 5U0t-cos4t 


і a " 
18 in 8004-37 sin зм sin 4962 


dex йй 


b 


The spectrum is shown in Fig. 34.11. 


A,m 
30/16 


8/16 
1/16 
496 498 500 502 504 w,rad/s 
Fig. 34.12. 
34.42. We have 
146 cos? (4 cost t= 14-514 cos 


1 danseur 


21)4 tus -1- cos 2t)* 


s? 2t) 


UR 
=> 74-4 cos 1+ =- + (1 4-соѕ 4t) [== A (154-8 соз 2t 4- cos 40) 
4 
чан 
5 A as | 8cos 21 -- cos 4t) sin 5007 T^ 500:-]-cos 2t sin 500! 
ts 
4 „соза ЖЕШ = 15 sin Е ки sin 502+ —; sin 498t 
1 К" 5042 -|- че ; sin 496 


The spectrum of the vibrations considered above is shown in Fig. 34.12. 


bo 
n" 
oo 


Solutions 


35. Free Vibrations 


Q = klhog, where h - Firle = 6nnj. city» 
35.3. The friction force Fy, = umg is independent of (а vaa 
and this makes it Possible to discuss the problem from the s S maxi- 
of energy. Suppose the weight goes over from the initial state | ized bY 
mum deflection from the Position of equilibrium, charactar “phen: 
the amplitude Ao, to another, similar state with amplitude A,- 
according to the law of conservation of energy, 

1 1 
~y kA$- Ау = —— КАЎ ung, 
from which it follows that 


2umg 
Ау А, „ТАТЕ 
1 0 k 
subsequent oscillations, 
ithmetical progression: 
9 
An jic Ed 
: i ut- 
5 amplitude becomes zero. Substit he 
th 


The same will be true for all the 


i.e. the 
amplitudes will form an ar 


ing A 0 gives n = *Ao . Si Р А i 5 except 
ipa 3umg: Since all the amplitudes 
initial one are passed through twice the number of swings is 


N=2n— 


tana _, 
ит kly 
As may be seen, due to friction the mechanic ту rà p quick?) 
: ; chanical energy rather q 
transforms into interna] energy, and the oscillations cease. Je 
.4. When the volume of a Bas is changed at constant temperatu! 
we have, according to the Boyle-Maiiotto lay 


Pe а ра PR 
The force acting on the Piston is 


P=(m—p,) 5 EM ee 
gu d? — r? 


where V is the volume of 9ne half of the ves; Аз ca seen, the 
force does not conform to Hooke's law, Аун po eode no 
harmonic. But for small deflections of the piston (when 2 < d), the 
force will be quasi-elastic: р = 2pVr/d2, and the oscillations of the 
piston yal be harmonic. The rigidity of the system is k — Flr = 
2pV/d*. М ` | 
p For an adiabatic process we must make use o 
tion, and of the approximations (for T€ d) 


f the Poisson equa- 


auti)", a ns ee 2 
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Fi 
9r the force we obtain 


F= (pp) 8 =| паў pd* -|se зүр$х 2111 
aa (d a)’ d d? 


Le р 

35.6. x = Fist. 

o is may be seen from Fig. 35.6 the force which restores the body 

is pro quilibrium positions is F = pg АУ = 2pgSz. Since this force 

vibr, portional to the displacement, the natural frequency of the 

= Pons, can be found from the formula @) = ] Ет. Mere k = 
H = 2005, m = pSl. 

35,7 CREE шо = y д. 

29.7. The restoring force is P = pog S. 


а e. where S — 20 » 20 em? = 
X 10-2 m?, p, is the density of water, and z is the increase in the 


de d 
ni n immersion. Since the force is 
Using REM the frequency can be obtained 
.8 The familiar formula. 
dulum oo period ої oscillations of the pen- 
n at the surface of the Earth is To = 


= n 
К 2л }/7/шу. At ап altitude Р above the sur- 
a jen 
се of the Earth it is 7 = 2x 17178. We 
have А7 0 
Z=, where то = 8.64 X 104s is 


fhe.düra ina © 
lg duration ofa complete day and T is the 
of the clock. Hence 


Pd. 
ие: РА ^ 
Een (чту!) Ofen Fig. 35.10. 


yM 


The acceleration due to gravity at the Earth's surface is £o = RE 


whi , 
Vhile at an altitude A it is = m s where R is the radius of the 


E d А 
arth. After some simple transformations we obtain 


T= Tol! HR 


п respect to the Earth: 


35.9. One should find the total acceleration witl 
dulum will be T= 


w= үа 4 g. Then the period of the pen 
= 2л Viw. 
The equilibrium position will be de 


flected from the vertical by 


an angle q = arc tan = 
g 
35.10. The particle's velocity at an arbitrary point on the circle is 


(Fig. 35.10) 


v V 3gh — y 2gl (cos а — cos d= V 261 
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t 
п » elemen 
where z= | соз = — cos Xs. The body travels along the € 

of are As = Z Ла in time 


As lAa Aa T 
dott а. de QT 
ау cae Vgl rza 2 " 


Put Ло == 3° = л/60 radian. Then 


The period of oscillations is 


е "a 
T —4 (Ati Att ...) — 2n y 


Table 35.10 


a REPRE ciae 

Хау 

1 a COS a COS (&— COS rt x Nay Moy 

= Sees c su c. cul eme 

0 45° | 0.7074 0.0000 | 0.0000 0.095 | 10:50 
1 | 42° | 0.7431 | ооз | 9.190 oan TT 
2 39° | 9-774 | 0.0700 | боору 0-25 3.43 
4 | awe | 0.8090 | оло» [og | 0-292 2.94 
4 | 38° | 0.8387 | очо | 0.218 OMA | 1:05 
5 30* 0.8600 | 0.1539 0.399 05980 2.42 
6 205 | 0.8910 | 0.1839 "| одон | 0-414 9.21 
i | 2.0935 | 0.2004 gas | 0-441 2.15 
? | 2. | 9995 | os | оле | 0456 2.08 
2| 18 (Oait | oup | gang | 0:485 1.99 
10 so, | 0.9650 | 0.2588 | о5о | 0-501 ‘yb 
11 12° 0.9781 0.2710 0.520 0.510 v" 
12 9° 0.9877 0.2806 0.530 0.525 1 i 
m (е 0.9945 0.2874 0.535 0.532 A 
14 3° 0.9986 0.2315 0.540 0.538 1. В 
15 0 1.0000 0.2929 0.541 0.540 1.8 
Total 44.23 
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Since 

the fo — 

M rmula = Р 

mall oscillations T, = 2л Vig is used to compute the period of 
s. it follows that T = kTo, where 


AE 
E ( aU i hes ) 


is the c 
th orrection fac E , 
* computed асат. Ке и сойле a table (see Table 35.10) from 


p /7х44.23. 
60 T 


Hence 

^, the peri "ТТ; 

20 == элү ae Period T == 22k] Ug = 2.08 s, the value of To being 

35° of the fox = 2.00 s. In this case the relative error due to the 
3 pi mula for small oscillations will be 4%. 


* The А A 
moment of inertia about the axis is 


4.042 


1 TE 
Ie m+ > mar? 4- mg (l+ r)? 


3 


The qi 
e dist; 
inc P — 
ance between the centre of mass and the axis 15 


- 1/2mil i my (1-61) 
He = i 

nce " & тү img 

e we find the period. 


36. Forced Vibrations. Alternating Current 


36.1 е 
+ Away from resonance, А = __#m___] | at resonance Ares = 
== OA m (o$— 07) 
36.2, Sot = OF wk. | 
af the wele Vu = eA, for o = 0 and for o- œ the amplitude 
Nig So glaoity becomes Vg = 0. The resonance curve is shown in 
36.3. pn Й 
те 9 First we lind the natural frequency (see Problem 35.1). We have 
о = | g/Agac The © factor is found from the time of damping: 
x PELLUS 
1 the amplitude at resonance: 


A wot = v y g/Astat- Hence we find 
Ares = QAstat ^ т V gAstat 


БАНУ, at resonance the system will break down. | » 

loben, prevent the merging of two successive impuls the interval 

of then them should be appreciably longer than the time of damping 
пе first impulse and the build-up time of the second, i.e. 


тер > 27А 40/®% 


ation transmitted рег 


inform 1 
information should 


To find the maximum volume of 
that such 


second, one should take into account 
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rig the 
; MESS N 155, 
be made up of N, dots and Na dashes: N = N; + Na, where NI? 


К Г = № ^ 
amount of information. But usually on the average Лу 3 
We have 


©, 4.5 I ap == 10У 
Ds. Мт Net, 4 тура Мт р (52+ +1) =4N tsp Op 


Hence we find the amount of information: N ER 
36.5. Let the voltage be u= Uy cos ot, and t ү back e. 
= Iy cos (wt - q). According to the definition of the 


self-induced e.m.f. 61 = — m ; the voltage 


nt i= 
mfo 


res 
V, 


drop across the inductive reactance is uy = 


d г 
=— E, = zx (see $ 54.2). Substituting 
а. —1м® sin (ot-I- ф) we obtain Uy cos ot— 
к= Гуо sin (wt + Ф). Hence 
" Um л 
XL Ta Lo, ф= -> 


36.6. Let the voltage be u = Um cos wt 
and the current ; — Ty cos (at +- 9). The 
voltage drop across the 


015. 7 
Capacitor is un — zi 
= 4/6, and the current is tc Opes 00 
dq du Fig. 36.2. 
a C up —UMCosin ot € 


at 
Hence Гу cos (ot + ф) = —UnCo sin o; from which it follows th4 
Uy 1 

Xg——M.. л 
Tt Go" = ‘ 
36.7. When a coil and a resistor are con ; > curren 

: E s a n r he с 
flowing through them is the same, and those fn eh Fe between 
the voltages. Ee the vector diagram is plotten with the ver 
representing the effective or the ampli ттеп (Se 
Fir. 30.7). Plitude value of the curren 
36.8. The vector diagram is shown in Fi 

7 m синь! g. 36.8. 

36.9. When а capacitor and a Tesistor аге А rallel. the 
same voltage is applied to them, and there is a pha shane between 
{һе currents. Therefore the vector diagram is plotted with the vector 
representing the effective or the amplitude value of the voltage (5€? 
Fig. 36.9). e 


1 ° 
ex) - Let us take the 
resistance from under the Square 


sien and the 
Xe = 1/Co out of the brackets. we obtain 


Z- n |Z үү orp 
dinis — 


3224 


j 
36.10. In this circuit Z — VW n 


Capacitative reactance 
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The natural [| ^1 (ft 1 

al frequency is Wo = = =o em " giving 
LC = Was, А2С2 = иот LA LA a en for the 
impedance, we obtain " ae kai 


EET 
; / 7 Queg ү шї 3 / m 
Z—-RMV 14 Ca (5-1) -ny 14+ tl 

where y = 2 

36.9), 


36.11 Th Qo" a 
Where e vector diagram is shown in Fig. 36.11b (see Problem 


cos фе = Ri Zo. sin qu 50/2, 


Up=RI 
Fig. 36.7. 
It is clear from the diagram that 

12= 134 12,—2I ole cos & 
it follows that 


but since а = (1/2) — Po 
I221$-- I2.—2Iolc sin Po 


we obtain after 
lue of the current 


of the currents and sin Фо, 
the required effective va 


f the circuit. 
I соз фо UR 


Substituting the values 
some simple transformations 
in the unbranched section 0 


From the vector diagram cos ps Th 
“u 

36.12. To find the power we apply, the formula P = ГО cos Фф. Knowing 

312 V, we must find the effective voltage 


the amplitude to be Um = 31 

and substitute the data into the formulae of the previous problem. 
To simplify computations assume nê = 10. 

36.14. An electrodynamic wattmeter has two coils (Fig. 36.14). The 
stationary coil wound with thick wire is connected in series with the 
load. It sets up a magnetic field whose induction is proportional to 


the current: 
воі, or B= kyu cos (0t + q) 
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etit 
à ad. so the mag! 
The moving coil is connected in parallel with the load, sot 

moment of this coil is proportional to the voltage: 


Pm OC и, Or pg, = k Uy cos wt ous value 
, instantane 

Here ky and ky are proportionality factors. The instantan 

of the torque acting on the moving coil is 

M = py B— Кк, cos ot-cos (ot -|- g) ait 
= 0,10 [cos p |-cos( 

alue of the torque is А 9 

May = kykolU [cos p-} cos (202-1 ф)]ау = kj ks TU cos 


d see 
since the average value of the term cos (201 -+ q) is zero. ue of the 
the average value of the torque acting on the moving ра 
instrument is Proportional to the aver- 
age power consumed in the circuit, so 
the electrodynamic wattmeter measures 
Ше active power. 
36.16. The glow appears due to the in- 
Stantaneous value of the voltage, not to 
the effective value of the voltage mea- 
sured by voltmeter, Since the amplitude 
of the voltage is Um = U ү 85 у, 
the lamp will glow for a certain part of 
each period (see Fig.36.4 ). 
36.17. The amplitude of the voltage ex- 
ceeds the US jg e. 
36.19. we neglect the phase shift wi * 
may easily find the current in the md Fig. 36.11. 
ondary 1; = kl, and the number of 
turns w, = w,/k. the 
Assuming the maximum current density in the wires to be the 
same, we find the cross Section of the Wires to be proportional 10 
saa өх Ss = kS,. | ngth 
To find the resistance of п w the le 
of the wire. Note ои pr^ roblem» 
the winding is wound in à Single layer, во {һе lengths of the wi" 
are proportional to the ny turns: 


r9) 
The average v 


S 1 
1 1,8, "kr 
This allows us to find the resistance of the secondary. 


The copper losses in the Windings are = IR, 4 IRo 
and the efficiency is copper in 


йез. Р; Рс 
= = —_* 


1 
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36.2 
ee В the no-load condition, the secondary does not consume power. 
молеа = 22 оа Рия where r, is the resistance of 


th i 
е primary. But the current 7 no-load of correctly designed transform- 


ers is v 

miis ate small due to the enor- 

because шр толине, and also 

ing is 9 resistance. of the wind- 

first t small. For this reason the 
erm may be neglectedin the 


Power p 
alan = 
ance and, Pyo-iand 


36. iron. — 

cael: Consider the high frequency 

copper en the resistance of a solid 

igible or aluminium ring is neg- 

reacts compared with its inductive 

current fl Suppose a sinusoidal 

magneti ows in the primary. The ui 

vill al ic Пих permeating the ring 

indue Pa bie sinusoidal. The e.m.f. Vig. 30.14 

to ded in the ring is proportional Ашы: 

вие mue derivative .of the mag- 

em ux with a minus sign. Hence the phase lag of the induced 
7. behind the current in the primary is Фе = 2-n/2. The phase 


lag of the current oscillations in the ring, as in any other inductive 
reactance, will be the same: ф; = — n/2. Therefore the phase shift 
between the currents in the ring and in the primary will be q — 
= Px oq; 7, j.e. these currents are in opposite phases, which 


means they flow in opposite directions. Such currents, as is well 
known, repel each other. The force of repulsion balances the force 
of gravity, with the result that the ring “floats” in the air. 

36.22. The secondary feeds a resistive load, so qs; = 0. The power 


factor is 
cos фу = PAT, 


The active power P; is obtained from the efficiency. 
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Solutions 


37. Elastic Waves 


so of the 

Я velocity 01, 

37.5. First we must find the density of air and the enim the for 

wave n = YP/p at a temperature of 27 'C, and han вар the wave 

mulas of § 55.3 to calculate the energy and the amplitu ing the our 
37.6. Find the intensity of the wave 7 — Р/4лт?, assumi 


li- 
: he атр 
lo be a point source. Then, as in the previous problem, find t dis 
tude of the wave. . intensities by * 
37.7. The intensity levels are connected with the intens 
relation 


4, — #5 = 10 log (1/7,) ы = 
But for a point Source, by the results of the previous problem, /1 
= ri/r?. So 

01 — Z, = 20 log (rj/r,) | inversely 
37.8. For a small (i.e. a point) source, the Wave intensity rin addi 
proportional to the square of the distance from the source. in for the 
tion we take into account the attenuation, one would e еввіоп 
wave intensities at distances 71 and r, from the source the ex 


D= Ја yn Ij— 19% 9 rit 
x т? Г 8 ri 
where L is the half-thickness, Hence we obtain 
тт; 
LA E 


The difference in intensity levels is 


Zi— L, = 10 log 72 = 20 log 
2 


з =O Cyn) log 2 


"a 


37.9. The wave intensity is J = Igy.275/L .. 


27 XL. „цу 
> We obtain 


Гое Ах, Therefore 
Taking the logarithms 


T in2— pr 
which gives the required relation. 
37.11. To solve the problem we should make use 


the frequency of the signal from a moving sou: 


iua fot 
of the expression 
a stationary observer: 


by 
тсе as measured 
У 


o V 
Tay and Va = o 


vi 


= vlu is the ratio о 
where r = v/u is d ў 
velocity. The beat frequency 
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We obtain a quadratic equation v2* + 2wr — v = 0, which gives 


ro БУ EEE L XY а PIA 
У ~ (vo-l- уу) vot V viv 2% 


Since the beat frequency v is much lower than the natural frequency 


of the tuning fork, vo. Hence 


uv 
B c from which | v & 3,7 
u 2% ' 2% 

37.42, When the source approaches the receiver, the relation 


EE I 
v=o 1 —v[u 
vely the speeds of the receiver and 
m. In the case of the 
gns in the numerator 


folds, where V and v are respecti [ 
шуа relative to the transmitting тейіш 
and ce moving away from the receiver, the si 
37.1 the denominator should be reversed. | 
+18. In the presence of an oil film the ultrasonic vibrations enter 
€ part. In the presence of an air gap between the transducer an 
РЙ the wave is completely reflected by a layer of air back to-the 
37 eee and does not enter the part. 
if the The reflected and the direct pulses can be seen separately only 
et here is an interval of more than half the duration of the pulse 
tween them. This interval will be equal to t = 307 = 30/v. During 
xit. lime the wave should twice travel through the thickness of the 
al in the direct and in the reverse directions, i.e. t = 2//u. Hence 


= 30 u;2v — 15 А. 


38. Interference and Diffraction 


38.1. Let the wave equation in а medium with wave resistance 21 
= рушу be 
sı = A; cos (of — kz) 

The wave is reflected by the medium with wave resistance Z = 
= p,u,, and the equation of the reflected wave at the boundary is 


Sret = Arer 608 (0t + kz) 
But 
2—2 
Are = 41 LS 
ref 1 PETA 
> z the amplitude of the reflected wave is negative, 


f the wave is reversed. To simplify the computation 
and the equation of the wave 


Therefore for 2; 
i.e. the phase о 
put za > д. We obtain Aret = —A1 
in the first medium in the form 

s= s1 + Sret = Аз COS (о — Кх) — A; соз (t+ kx) = 24, sin kz sin ot 
At the boundary zo = 0 80 so = 0 for any £. Thus, the node of the 
standing wave appears here. 


17-0465 


Solutio 
SE с с Ёш са 


sani Ol 
Р п 
ecc ‚ equatio! 
Similarly, for 2, < z, we have Ares = Ay, and the eq 
the standing wave is 


s == 24, cos kx-cos wl 2 0) 
zs. s e 
The amplitude at the boundary between the two media (7o 
is 24,, i.e. an antinode appears. - resistant? 
38.2 The wave resistance of quartz is greater than the wave Therelo й 
of air (the lower surface) or of water (the upper surface). i 9110000 
there will be antinodes at both boundaries (although their S Pr pall 
will be different). Hence it follows that an integral number os he 
waves fits into the plate's thickness: J == nA[2, and this епа 
fundamental frequency and the harmonics to be found. il, the 
If the upper surface of the quartz plate is covered by 01, by the 


quency will remain unchanged, although the power radiated 
lower and the u 


pper surfaces wil! be redistributed. " uencie? 
38.5. The beat frequency is equal to the difference in freg 


Hence 
DM m. F Toa 1 
V-V T= Gx Ti —T, EA 


But 7, z T, == T, 
38.6. Desonnnce sets 
along the air column: 2n -- 1) M4. In our case n = 0i, ал 

7. The first-order interference minimum will be observed 1er 
uxiliary angle 91 = л. In this case the angular width of the F 
cipal maximum will clearly be 


therefore AT = 0.2% ү T. 
in when an odd 


number of quarter way 
n 


au 


20, == aay А 


Sarek 2. dE 
2 aresin = 2 arcsin —— 
лр кезш D 


39. Electromagnetic Waves 


39.2. A standing wave is established along the aerial, as shown JP 
Fig. 39.2. In the middle of the aerial the current is at its maxim. 
(current antinode) and at the ends it is at its minimum (nodes); an- 
Since Mig magnetic ded Strength is Proportional to the current, distri? 
bution of the standing Wave of the magnetic field vector will be simi 
lir, As: to Ше electric field strength, it forms antinodes at the ene? 
of the aerial (why?), and a node in the middle 

Thus 2 = 4/2, whence À = 21. . 
39.3. According to Ше oot у 
of a wave does not change When it crosses а EE 3 tW 
media. The parameters subject to change аге tha aty, between the 


D e e 
wavelength. We have v — XC where А 
KJ 


" ү 
of forced oscillations, the frequency 


= 20 is the wavelengt? 
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2 the liquid, А, is the wavelength in air. Noting that и = с/у е, 
We obtain = 21 Ve. 


9.4. First find the velocity of the wave and the medium in which 


1. Ргорараіоз, We have ш = o/k = c/ V z, and the dielec- 
попе of the material е = сА2/ 0°. A a6 
= {oO magnete permeability of the material isu = hd 
Strength: 29 the amplitude of the magnetic eld Í | 
ГА 
Нм = Ем V lllo ! / 
The ampli i ur 
amplitude of the energy density of the electro 
Magnetic wave is 8 | } 
=== In 
ЕмНм _ SEM J £o Y 
an E e 
Th u с m n 
op, Verage value of the energy isequal to one half l \ 
its amplitude value: l 
— _ вЕМ ү/ to. Fig. 39.2. 
w= Ze V Ho 


In the case of an ideal absorbing surface the pressure is equal to the 


average energy density. 
The energy absorbed by an area S in time t is 
$ = wust = Enst E 
2 Ho 


ma. The amplitude of the current is Тм = enSVy where Vy = @A 
ihe amplitude of the velocity of the oscillations of the charge. 
21е magnitude of the oscillating charge is q = еп$1, hence Im = 
= 04 0/1. The radiation power is 
цд?А%®? _ ро 120° 
12uc 12nc 


But for a half-wave antenna 07 = ле (see Problem 39.2), so 
л 
P= Hocl iy 
The power is P = PR = I&R/2, so the antenna is equivalent 
to a resistance 


пе р Бе 


39.6. The power of the synchrotron radiation may be found from the 
formula 

Hoga? 

12лс 


P= 


17* 


280 Solutions 


since 4 = 
where a is the acceleration and q the charge of the bunch. Si 


sad of 
9 eriod 0 
= @?г and the current is I = g/T = qo/2n, where 7 is the P i the 


: n n 
circular motion it follows that q = 2л1/ о. Substituting 1 
expression for the Power, we obtain 


P= 4n? uol wr? (127c) 
But or = v is the velocity of the electron, therefore 
Р = mpol?v?/3c 
39.7. The spectrum of a modul 
there to be no substantia] 


resonance curve should no 
half-width of the spectrum 


signal: Av > y, — V, Or VQ > vaug. From А 


„Fot 
f the 


Q<Vo/Vaua 


Expressing the Q-factor and the natural 
frequency of the circuit in terms of its pa- 
rameters, we obtain 


R/L> 27Vaud 


where vaug is the maximum [re 
the audio signal which must Pass through Ne. 30.7 
the circuit without substantial distortion, Bigs ВР 
Noting that Vaud © 2 X 103 llz,we obtain 


Y 
quency of у Уу 4 


RIL > An 103 (ohm. H-1) 
The capacitance of the capacitor is C= 1 The natural 
үзү, ^ e 
frequency of the resonance circuit is Vo = chh E 107 Hz. Hen? 
[E ЖШ 
ad 10157 (F) 


lf we ‘choose. an climto анка of ii =. 0. e obtai? 
reasonable values for the inductance and {һе diac, Ж 
39.8. Equation (59.22) follo invariance (see $ 59-8) 
Applying the Lorentz transformations, we obtain 


totvro/c? — COSB ^ олш, Zosin Ө 
ud A =? __ 
ш ( 102/2 € V 128 с ) 


ы x in 6, 
=> ( to— 20.205 05 _ Zosin 7». ) 
c c 
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Removi 
moving brackets and regrouping the terms, We have 


Oty 
Viva ( woos) аа (2 eet) 
ufer L cy 1—10] © 
Qz, sin Ө Фото соз б ^ Gozo Sin Oo 
-Am MATT 7 е 


с 
"€ that х0, zo and ѓо are independent variables we see that 
ity obtained is possible only if the factors preceding these vari- 


a р 
€S are equal. Пепсе putting В = vc we obtain 
9 (1— В cos 0 
200—0 соѕ 0) _ o (сов 0— В) . in 0— o, sin б, 
Ир = 00, Ec rp 4 0, sin o sin 0, 
The fir TT i 
t st equality is the expressio 
he second equation by the first, we o 


cos0—p _ 
39.6 1— cos 0 = cos 0 
ee Let the source and the observer approach each other at a speed 
the Вс. According to the classical Doppler effect, the frequency of 
obs approaching source is @' == o 1 ), and of the approaching 
erver o" = oy/(1 + D) Considering the periods, we obtain 


T 
тт. "рр 


Nes we must also take into account the time dilatation. In the 
replaced. (that of the moving source), То in the formula should be 
second. by the quantity y To where y is the relativistic factor. ^n the 
be case (that of the moving observer), the quantity 7 should 
replaced by yT”. We obtain 
To 
T+ 


T-X.0—Bs. YT" — Vus 
yo (1—B), ҮТ B 


n for the Doppler effect. Dividing 
btain the relation for the cosines: 


Si " 
ince, according to the principle of relativity, T' = T^, we have 


27, (1—6) = TJO- B) 
from which it follows that 
= 1 = ИТВ y us 
too! tem pie See dd 


39.10. The Doppler broadening is 


å 3RT 
v с Mc? 
plete M is the molar mass. The gravitational shift of the spectral 
is 


il 
+ 
ale 
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Solutions 
ee РИО 


ectively- 
Where m and r are the mass and the radius of the pian TAR of mag 
On a “white dwarf” Лувгау exceeds Avpop by about an 

nitude. 


is 
length ! 
39.11. Since the ions move towards the observer, the wave 
— 0 
2.= dy 1 Boos 0 
yi-p 


imes 
is four time 
The kinetic energy of an ion is 40.0 MeV, the rest energy is fo 
the rest energy of a proton (Problem 8.1). We have 


VI- шты [€^ 


т?сї 
E, 3.7284 _ 0,989 

“К 73.2684 
The reciprocal quantity is 


1 K 
= FSS 1 1 = 10 
Vise +, 


«ght! 
ity of igh 
Hence we obtain the ratio of the ion velocity to the velocity 0 


В = ш/с= y 1—0.989: — V 0.011 1.989 = 0.148 
Hence the observed wavelength is 


à = 410 (1 — 0.148 cos 0) x 1.01 — 361 nm eloc- 


Jer 
p 
assical expression for the DORE ), 
р 


ү 1 
ace element moving towards us, 4, = Ao ( ), 
from the element оп the other side of the Sun, ds = м (+ ‚ 
"Therefore 
4nA.R 
AX = Bg = TT 
с. 
© a 
Р 5 ta 
where Ro is half the Sun’s equatorial diameter, ‘The period of T° 
tion is 
ATAR 
= 2 
To= Ahe 


may be found from the nonrela- 
tivistic Doppler formula: 
AX = dg (14 8—2;0—5 


is the projection of the orbital velocity on the 1; f sight- 
gen "The period of Tevolution of the Stars about thee common 
centre of mass is twice the period of the sp 


ectral line broadening: 


= 2348 = 23 v/e 
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Knowing the orbital velocity and period, we may find the radius 


of the orbit: 
R = vT/2x 


we have 
" 4R 2ь3Т 
giving Menem EJ 


Then, applying the law of gravitation, 


yM? Mv? 


QR? R’ 


40. Interference and Diffraction of Light 
40-1. Obvi inei ci ill b 
У. Obviously, the principal (the zero-order) maximum will be 
pbserved in the centre ba the interference pattern (Fig. 40.1). Let us 
the coordinate of the m-th maximum, which we shall denote 


Fig. 40.1. 


by zm. This maximum will be observed when the propagation differ- 


ence js r, — r; = 2mA/2. 
4 m 1\2 Р а\2 
| But от{=]/2-- (m -7 "E LI ru (m +4) .  Subtract- 
pret we obtain (rz—ri)(rs— 7: = 25d, Since d. L and since in 
{i actice only the interference m хіта of low order can be observed 
S. 2m < І), we may put га-г. — 9L. Fence 
2L (rg — ту) = 2zmd, or mAL = з 
Hence we obtain the coordinates of the maximum: zm = mAL/d. 
he separation between successive maxima (or minima) is 
Az==2msi—2m = AL/d 
40.2. The interference pattern will be blurred if the red maxi- 
mum of order m will coincide with the violet maximum of order 
(m 14) : 2160 = суу. Substituting the values, we obtain 
Mhreg=(m-+1) Avior giving m Lo wid 2, de m=1.6< 2 
Area —Aviol 
This means that the zero- and the first-order maxima will be clearly 
seen together with the first- and the second-order minima (black 
bands). The second-order maximum will be blurred, the third-order 
and the subsequent maxima will not be visible at all. The zero-order 


264 Solutions 


ap pe 
В И " will 
maximum will be white, while the first-order maximum о e nd 
spectrally coloured, with the red outside and the violet i 

the other parts of the spectrum in between. Jet pands 


.. The separation on the screen between the red and the vio 
is 


L 
Az— -7 (Area — tol) 


гт. gince we ДГ 
40.3. As may be seen from Fig. 40.3b, 2 =. ЗИ 


ight 
d l унер 
ince the 
axima (or minima) and since 


Sider here two successive m 


h 


l 
Fig. 40.3b. 
" Jd: 
twice covers the distances rı and rg, the following relations po 


А 
2=2т =, 2-2 (m4. А 


from which 


А 
тт 5 
s 5 
À h А е 
Thus aT from which the wavelength of the light aun 
[йб — nift 
4. W i $ ] shi 
тк Band. mirror is displaced hy a half-wave, the pattern Б - 
40.5. The optical propegation diff i пц 
= (п — 1) l. Thi i A erence is Д = mole — mH i 
mE Honce (п 4) ee en difference accomodates N — 47.9 D 


4 d n — 4 7 
40.7. The interference pattern wih ty” + NAI. m one 
wavelength coincide with the minidistbpear if the maxima ш 
40.9. It follows from the condition d sir ые Ald € f: 
Therefore the highest order of the visible EN thay ше < dlh 
m being the maximum integer, w en com maximum is Pombo 
of visible maxima one should take into Ae ing the tota Ur the 
zero-order (the principal) maximum and uk the presence inter- 
Terence pattern about the Principal maximo metry of the 
40.10. The first-order maximum is visible at m. nich. i$ 
determined from the condition q sin 0, = 4. тап angle 0,, whi га 
ondion е ө ууата б. ч б toe i cecond-crder та, 
conditio = 2h. Hence | Ч пе es 

2 е it follows that sin (0, -- 15°) = 
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eoi 
sin ; а 
8,, and this reduces to the equation 


sin 45° _ 0,2503 


" tan 6; = 5— cos 157 
^nDowj 
easily 8 the deflection angle 0, of the first-order maximum, we may 
tag ompute the wavelength. me 

F on 2.0 x 103 
» + Find the total number of slits: N = IE = 8000. 
sine 7 А B . 
Rives oa = 1 is much greater than the wavelength, ү = 2M1, which 

S the angular width of the principal maximum. 
d find the 


о find the resolving power of the grating we shoul 


numb А 
Тет 40.3) maxima that can be obtained with it. We have (see Prob- 
NX 1.50 
m< 3-— Bao x 10-8 -2.8, so m=2 


i.e. wi > 
е ot in this grating only the first- and the second-order spectra may 
40.19 rved. The resolving power is А = МАХ = mN. 


+ The spectral interval that can be resolved is AX = Ay — М, 
AJ AX = mN, from which we may find 


th 

be ТАШУ ПЕ power is А = 

жы al number of slits. The length of the grating is l= 

onditin Ad. The highest order of the spectrum is found from the 
ion m < d/& (see Problem 40.9). In our case this is 5 


40. 
3. To see these spectral lines separately, we should have 


‘a grating 


TI ғ 

m resolving power of our grating for the first-order spectrum is 

luti mN == 990, so the spectral lines will be resolved, but the reso- 
on will be poor. Measurements can be done better from the spect- 


Tum of higher orders. 

" The angular distance, between na of the second-order 

Spectrum is found from the conditions 1 = 2A, and d sin 05 = 

= 2A, The computations should i using four- or five- 

place sine tables; slide rule accuracy is not enough to solve this prob- 

m. 

40.14. Let a parallel heam, that is, a plane wave, fall on the grating 

at a glancing angle of o (Fig. 40.14). The directicn of the zero-order 

interference maximum will obviously be the same. As to the maximum 

of order m, its direction will be at a glancing angle P, so that the 
mx а = == MA Noting that a — 


Propagation difference is ^ р, - 
= dg cos a, b = do COS В, where do is the grating constant, we obtain 


dy (cos ®— cos Bn 


lition for the interference maxima when the 
le to the diffraction grating. Now 


This is just the conc 
on for the angle 0 equal to the 


light rays are incident at an angle i 
let us express the interference conditi 


266 Solutions 


deflection ang 
tion of the b 

COS a — cos B= сов o — cos (a -1- 0) 
Since the angle Ө is usu 


‘anes 
iginal dit 

le of the diffraction maximum from the origi 

eam. Since В = о + 0, it follows that 

= cos & — cos & cos b- 

ally very small, cos 0 z 1, 


LsinasinÜ _ 
and cos 4 


Fig. 40.14, 


es the 
: " ad g " 1 

— соз В лу sin « sin 0. The condition for the maximum аѕѕип 

form 


dy Sin & sin 0-— m, 

i.e. the instrument behaves With 

way it would have done if a grati 
y: 


ma 

n 
respect to the inclined beam і were 
p К 
placed perpendicular to the rays, 


DE with constant d = d, sin ® 


^1. Dispersion and Absor 


ption of Light 
41.1. The condition for Cerenkoy г 


(0 
Эка n adiation which takes accoun v5 
dispersion is cos 0 = c/nv, Since the protons are relativistic, it follo" 
that 


VRV ORE TEA 


т?сї 

Hence 

B РИ K 4-8, 

"Oo Үї—(@уёу VK (2€,--K) 
chere @ — 0.939 GeV is the rest ener : prob 
DEUM d gri m fices Тор these partt бр "tis а d 

п v 1 1 P 

41.2. The ratio B= c = nco тутр й The kinetic 
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energy is 


K=€—& 6 (E 1) 


А : 
ccording to the definition, the group velocity is 


.. Ae de 4 
Hodie СӘ Эйн 
um ak dk dk 
dw 


4.4, 


But 
t З 
he wave number is k = 2- Differentiating, we obtain 


v 
dk n w dn T ( " a) 
= a 
[4 


Hence do E c do re ae 
є 
ues dn 
n--o-—— 
41.5 do 
* In the region of normal dispersion 
a а ў mE 
п = > where «= коте 


Thi 05 — o? 
is f derivative of the refractive index with respect to the frequency 
"nd by differentiating this equation. We have 


Therefore 


do n (oj—9) 


Le, i А . 
index the region of normal dispe у 
N with respect to frequency is everywhere posi 
ow let @ > o. Then n > 1, and it immedia 


the formula U = S (see the previous problem), that U < c. 
"TES 


if Oo < c, then n < 1. Substituting the value of the derivative 


into the expression for the group velocity, we obtain 


U с — cn = en 
i m _ Gm nit _ aoe р NCC NE 
"Ta 008—99)3 Cak (98—09)? 


We see that the number in the denominator of the fraction exceeds 
unity. And since in this case the refractive index is less than unity, 
it follows that here too U < c. 

41.6. Since the free electron concen 
the second term in formula (63.15) at 


tration in the plasma is small, 
high frequencies is much less 


208 Solutions 
TEL Solutions ^ 0000 007 


ing 
ity. Apply? 
than unity, and the dielectric constant is close to ee we obtal? 
the approximate equality V1 F z — 1+ 2/2 (for z < 1), 

the expression for the refractive index. 


" ivative 0 
he group velocity is found by computing the deri 
refractive index with respect to frequency: 


f the 


ity: 

veloc! or 

and by substitutin f the soluti? 

Incidentally, it is easier to apply the last formula o in 

of the previous problem, a because b 

41.8. There can be no Cerenkov radiation in a plasma er 
à plasma the phase i i 


u 
a vacu! ist 
velocity exceeds the velocity of light "а i the 
and because the Particles responsible for the Cerenkov ra ight 
mas with a velocity exceeding the phase velocity of lig 
medium. 


18 

inium 
41.10. The concentration of the valence electrons in ай 158 of 
shown in Table 44.4 ($ ог the refractive index та 
the result of Problem 41.6. 
41.13. The transit time o 
to the mirror and b zr 
the toothed whee] will turn through. k teeth, k = ztl Ti Fme h 
where z = 720 is the number of teeth on the wheel. In this - 
toothed wheel rotating at n, = 


313 r.p.s. will turn throug 
teeth, so k -+ 1 = Zn,. Subtracting, > nah 
from which 


1 


we obtáin 1 = zt ("2 


c= 21: (nz — nj) 
41.15. Make use of 
various wavelengths 


for 
" ces 

he table of refractive іпӣехе® (yo 
" choosing thi 


een t, 
e Spectral interval betwe 51° 
yellow ere and the blue (4864 А) parts of the spectrum. Su rou 
Q = лс, = i | J 
{шд n^ and k = 2дл/), into the expression for the 
AO oo 
T= lO _ 0,—0, 
ak ELM 
we obtain 


U — £m, — nahs) 


Dino (Ay А.) 
The phase velocity is y — , 


Ín. 
41.16. Consider the energy balanc 


5 е5 

e in the case wi ight pas$ 
through a plate. Suppo a beam of intensity 7, falls ud Ha on th? 
plate. Part of it will tance lected, the rest, of intensity I’ = 50 
where 7 is the transmittance (Fig, 41.16), will enter tho late Because 
of absorption, the intensity of the light which Teaches tha other face 
will be Z” = I'e-nd. Finally, the intensity ог }; 


;ptO 
light passing out int 
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tho: ame x 
© air will be I = TI^ == Tie "^. Hence 
Is. Tet ака) 
The h 2 Til "ds 
e half-thick " 
4 icknes: L= Problem 37.9). 
471.17 s is (In 2)/p (see Pr ) — 


sity the transmittance of a material layer is the ratio of th e 
a beam of light passing through the layer to the intensity 


Fig. 41.16. Fig. 41.17. 
of . 
the beam entering the layer: k = IlI, (Fig. 41.17). In the figure 
I^. ” ‚ TÈ „-щт‹- " 4n 
LI 1">=1 te urs n), I-TI", T= Guy 


га 
di stituting the appropriate data we obtain the result sought. 
filter. Suppose white light of intensity Tin = A® falls on the light 
li r. At the resonance wavelength A, the intensity of the transmitted 
agnt will be Ip = Ate Hot, The intensity of transmitted light of 
her wavelengths will be 
EV 


р дзева = ptg Hae 900и Lge n 


We are interested in the case when 


I$ 1/2, i.e. when 
we obtain ad (№ — ay? «In 2, giving № = 


etd (ho -M* >21! 


Taking logarithms, 

= + In? The width of the spectral interval is AN=2 EE " 
The transmittance at the resonance wavelength is ko = ГГА? = 
== «71009. 


41.19. From the law of absorption J = 1-2% Ё we obtain fm 
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Solutions —— 0000 


= log Z light. 

-— » Where z = ТоТ is the attenuation of the beam of ү 
In 2 min ^ 

41.20. The maximum half-thickness is Lmax = —— , where p 


x 
Hmin of 30 
= 44 m-! is the absorption coefficient at the wavelength 

X 10-3 А, 


42. Polarization of Light 


ap th 

А with " 

42.1. Natural li ht of intensity Г falls on the polarizer W of th! 
Tesult that the 8 ЗУ п 0% 


Ordinary ray is absorbed completely and 1 


Сз Optical az; 
Y polarize 4 
4 
S N 
Fig. 42.2a Fig. 42.2b. 

extraordinary Tay is absorbed Accordingly, the intensity of E 
polarized light Passing out of th cingly, е MOM t 
= И. In accordance with eae is Гро = 0.511n gh 
transmitted by the 


1 f ji 
Mal intensity of 40% 
Polarizer wi] bs е, tele S ince 10 


Ttrans =0.97po1 cost, 0.9 X 0.451 in cos? æ 
The attenuation of light will be 
2 Па =. 1 „__ 25 
trans 0.90.45 x costa = cos? а 


Р л 
2.28), 
dinat 

iddle polaroid. This polaro; ill transm! 
e extraordinaty ray with electric Beld streh V toe cos 0, 
is (Will transmit the extra е ay whos! 

electric field strength is (Fig. 42.95) E, = Ет e uy ray, wb га 
e intensity of the Wee 1$ proportional to the s4,,, P0! 310 fo field 
EE тр a ih al 


ray E, with respect to the m 
only th 
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Polarizer absorbs half the intensity of natural light, we obtain 
1 "т" 
1 =F Ty sin? а cos? а = -g Isin? 2a 


a The frequencies and phases of the ordinary and extraordinary 
Dende identical, but their electric field vectors are mutually per- 
42.4 icular, and hence there is no interference pattern. н 

"4. The phase difference between the ordinary and the extraordinary 


ays in a direction perpendicular to the optical axis is 
2л 2ad 22d 
дў EE Ste) 
Ao Re 0 


p. А 
Putting Aq = (2m + 1) 3/2, i.e. equal to that introduced by a quar- 


ter-w. 
T-Wave plate, we obtain 
mS 4 (no — e 
Козу] ; 
Knowing the thickness of the plate we find the phase difference for 


the viol М 
et light. 
42.5. We have Ag’ + Aq" = 0, or 


2nd' , , z 2nd 
(поп) MAS 


(по п) = 0 


Hence į » 

€ it follows 
dt по" 
а п 


Where А 
422 е prime refers to calcite and a double prime to quartz. 
should o brighten the field of view between crossed polaroids one 
la ee the plane of oscillations of the light wave by 90°. 
90° 
= (2m-- 1) —— 
а= (2m4- 1) [zi 


43. Geometrical Optics 
43.1. The paths of the rays г yn in Fi 3.4 i 
at’ the e s о e rays аге shown in Fig. 43.1. The separation 
z — ОЕ cos а = d cos о (tan о — tan оо) 
The angles of refraction may be obtained from the relation 
sin æ = ng sin dy = Ne Sin Le 


Rt may easily be seen that the angle of incidence of the ray 
on the second face is equal to the prism angle q. The red rays will 
pass out of the prism, if nred sin ф < 1; the violet rays will be totally 
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reflected, if nvio sin р 2 1. Hence it follows that 


1 1 
—— s sings-i 5 °30” 
T v1ol x sin p < mE 40948' <p < 4193 


ay be 
43.3. The path of the rays is shown in Fig. 43.3. It may easily 


shown that 


az = 45° 4 gy, 
ад = 45° 


Hence «' = a. 
43.4. The path of the ray. 


s is shown in Fig. 65.2 (§ 65.2). obvious 
D= 2d tan oy, = — 


y nt] 


of glass is a = q/2; the angle of į 
condition n; sina, = na Sin à. The 


43.8. Make use of the diagram T. «ous 
problem and bring the lenses ely, of the path of rays of the previ. 
Then the point nr Serve as белег until they are in con 
being its image. Denoting the ү, 
a, = OF, = f, the focal length of thee ih of the left-hand lenf pA 
= fə, and the focal length of the зува запа lens by а, = О. ^ue 
thin lens formula m 

1 

cun id 

h tq 

* The converging and diverg; > 
of rays in this section are shown by eyes ме path diagram" 
e e usual] practie* 
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—— 


ог 
Ф=Ф; + Ф, 


13,9, Choose а converging lens with a focal 
(io Enitude of the focal power of the diverging lens, s 
Ponal methods find the focal power first of the convergi 
ERN the system as a whole. We 
43 io Фау = Фвув — Peon: 
ot^ 0. First find ihe focal power 
the glass lens: Фу = (п; —1) X 
5 (3 1 ‚ where R,—1m, 
R,—44 Ro 
terse cm. Then find the focal 
pa of the plano-convex water 
S: Dy = (n4 — 1)/Rs. Finally 


power greater than the 
and using conven- 
ng lens and 


m—1 _ m-—!s 
Ry Ti; 


ia, Of course, the required 
gen аша may beobtained from the 
of Eu formula by putting one 
inf he radii of curvature equal to Fig. 43.5 
alge But this formula may . Be spese 
"a be obtained independently by 
ue the diagram of Fig. 43.11. Here f= FC x ЕМ = h cot 9. 
turn Р = R sin о. For the paraxial ray (^ € В) we have sina ~ 


p= (p, 4- D= 


Fig. 43.7. 


де a, sin В z p, tang ~ q. The law of refraction n sin æ = sin p 
takes the form na = p. But B =a + € where a = h/R, q = Wf. 
Substituting, we obtain 

h h 1 n—1 
поа Ф, (п—1)®=ф, (0—10) RTT’ Фанлар 


43.12. The path of the rays is shown in Fig. 43.12. The ray AB parallel 
to the optical axis is refracted and travels in the direction BC. Draw 
DO, || BC until it intersects with the focal plane of the second lens 
at point E. After the ray BC is refracted in the second lens it travels 
in the direction CE and intersects the principal optical axis of point F. 


18-0465 
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а Jess 
Denote the distance FO, by х. From the similarity of triang 
ACOF % AEP,F, ACOLF, c AO FE, we have 
CO. FE CO, Fok 
Ж Һа ° h-—d Íz 


Dividing the first equation hy the second, we obtain 


h—d i - Íz (fy —2) 
ж ie? Wü epp у 


an 
43.13. The path of the rays is shown in Fig. 43.13. To find 7 
one should make use of the similarity of triangles. 


Fig. 43.11, 


ay 
43.14. The path of the rays is shown i i d the т 

in Fig. 43.14, ass "p tbe 

ON || AB through the centre of the lens bpm with J 

focal plane. In this case the Tay AN is the continuation of the га ates 

after its refraction in the lens. The Points D and В are conjug) z 
for instance B is the virtual image of Point D. Hence, denoting B 

4 , NT as 

= in 


= а, OD = a, we Obtain — + 


И а; al But dy " 
a, = R cot D, where R is the semidiameter of the lens, and we oP! 
i 


tan В tan a+ 


43.15. The lateral magnification ispat а j 


= . The Jon" 


itudinal magnification is с „, д а a—f its 
Write the thin lens formula in d Кее Fig. 43.15). To calculate 


1 Tl a 
аа Ua EE Tp hence anis. f(a—z) 
But a' — af/(a — f); therefore gu 
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Hence the longitudinal magnification is 


x! P _ В#(а—1)._. 


a 


- — — 
n m G@—N@—f—=)  a—i—* 1—z[(a —1) 
‘or small longitudinal dimensions of the body (z & « — Й the longi- 
dinal magnification is а = 


Fig. 43.12. Fig. 43.13. 


43.16. For а = 2f the lateral magnification is В = 1 and the longi- 
, where r is the radius of the ball. 


tudinal magnification is a = T 


Fig. 43.15. 


As can be seen, the longitudinal dimension of the image is greater 

than the lateral dimension, so the ball will look like an elongated 

rotational ellipsoid. 

43.17. The focal length of a lens, both faces of which have identical 

radii of curvature, is f = R/2 (n — 1). The chromatic aberration is 
R пуло "гей 

A= еа 1 7737 (riot — 1) (rea — 1) 


The ratio of the chromatic aberration to the average focal length is 
A __2(nyto1—"red) 


Jay — "viol + ®rea—2 


18* 
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Solutions á 
"he focal pow’ 
И А The foca he 
43.18. The focal power of the mirror is Ф, Р ү S Ж 
9f the plano-convex leus containing water is lee the light Рё 
focal power of the System is («p = (p, +- 20p,, since 
through the water 


twice. Hence 

2 | 2(m—1) _ 2n 
eunt AT 
43.19. Pirst solution. C 


MN: 
ray 
onsider a beam of rays parallel to Ps dary 
The beam reflected fr 


on 
$ e Sec 
om the mirror will converge at t 


"sy 


Fig. 43.19, Fig. 43.19c. 

focus P', which lies in th focal ро || ni, 
ue" les in the foca lane. D i ray ab 

parallel to the centre of the mirror, es апа tig ee ere focus 


Fig. 43.20b. 


Fig.'43.21b. 

he ray VK is the one we are looking for Fig. 4 
T Second soln tion: Choose, an arbitrary point M eu ike лу MN and 
ray VR pasts through this Сое чер пы en е тар BED 

ay NK pass g oint (see pig. 43.190). ` 
2320. The paths of ins rays are shown in Fig. dr ams v 
Cee Тһе рае P t inte are shown ip pj 43.91b. First dray 
M V TRUE eee InaciPal optical axis аЛ 
find the centre of the z di : Since the Virtua image is magnifie 1 
the lens is convex. Dery i lene’ АВ parallel to ү © principal optic? 
axis. It is refracted by the lens asses through ЧЫ {обоз and 
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its continuation passes through the virtual image. The ray A'B inter- 
г. the focus of the lens. 


Sects the principal optical axis at point F, 
43.22, The раш af thie rays are shown in Fig. 43.22b. Р 
43.23. The problem is solved in exactly the same way as Problem 10.4, 
SUNG the law of reflection. is the 
PART in each case. We obtain the 
ae that a parabolic mirror fo- 
theo’ à beam of any width at its 
cal point not only a paraxial 
ate This implies the absence of 
p са] aberration. 
not á Since ideal point sources do 
an ecd it is impossible to obtain 
tif eally parallel beam. But for 
eb ical purposes an almost paral- 
ist eam may be obtained. Take 
ditt, account the part played by 
Mlraction as well. 


^^. Optical Instruments 


ЛАА. At a wavelength of 555 
ТА the luminous flux corresponding 
© a radiation power of 1.0 W is 683 Im. Hence we can find the power 
Of the flux of 1200 Im. To find the power of an identical luminous flux 
a other wavelengths the value obtained should be divided by, the 
relativo spectral sensitivity of the human eye also called visibility 
factor (see § 06.1, Fig. 66.1). 
14.2. To find the amplitude of the electric field strength, we can make 
Use of the expression for the intensity of a wave (59.8) from § 59.1: 
I = ЕП = EyHy/2, since a monochromatic wave isa sinusoidal 
опе. But Н? = e9£2, so the wave intensity is I= 4/2EM V €o/ Ho: 
сае other hand, the intensity of the wave is the power per unit 


Fig. 43.22b. 


P Ф = i 
Zar ^ 688K,x nr? — 683Kar* 


Here J is the luminous intensity and К, is the relative spectral sensi- 


livity of the human eye. ч 
The magnetic field induction is found from the relation 


B= poH = HoE V tolpo Е V воро = Ble 
I cos с 


44.4. The illuminance near the edge of the table is E = —р = 


te 
= (rip 02)3/° ' 
of the table. Let us find the maximum of the function obtained. The 


where k is the elevation of the lamp above the centre 
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Solutions 


Condition for а maximum is 


d ms ]-" 
dh еъ 
We have 


(r? -H љ2)-зуа 3 h (12 4 А2) 5029 — ( 
Multiplying by (r? 


h= 
2 = 0, 50 
+H)? we obtain | gne +rth 
= пу; From thi 


and 
. E e edge 

8 We can then find the illuminance at th 

at the centre of the table. 

i 


Plane mirror reflects 
тауз radiateq by the lamp in the 
direction aw, 


he screen. 


a 

(24) =F Eq Vig. 44.5. 

. The luminous intensity of пе 
р is expressed in 


Р - «BD 
iameterof the Sphere: I = BS = xB 
10 point directly un 


2/4. The 


и 
of il 
er each lamp is the sum 
Screen. 
y 
$ 
M. й 
| 
S ME 74 | 
i 2 dst 
MS di 
Vig. 44.7. Fig. 44.8. 
minances Produced h 


1 
А ; Y this lamp a d by the two adjacent. 
The illuminance at the midpoint js the sum x illuminances pro 
Y two adjacent lamps. The illuminances Produced by the ot 

270 Very small and can 1 Neglected. 

44.7. The maximum illumina 


ance will he at 
axis of the optical system "ig. 44.7). In t 
narrow heam of light the role 6 the concay t is W 
uminous flux falling on the Screen, Therefore, if the mirror n 
Tawn, the illuminance Will q Crease by one half. fies pra» 
44.8. If the object is removed far from the lens, its image avid = 
cally in the focal plane. The ma ification is B = һ'/һ = 


mps; 
duced 
Тат" 


ipal 

incip? 

à point on the fheiontl 
iS caso of а su e the 

opp ith 
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the luminous flux Ф = IQ 
2/4. Noting that the solid 
Jens, we obtain 


The i i 

que illuminance of the image is equal to 

peg by the area of the image S’ = mh 
is О = aD?/Ad?, where D is the diameter of the 


o aD Dia _ I Р? 
57 ала ae o 10 UB 


E 


B 
ut В = 41/лһ? is the brightness of the object and R = aB = 4I/h* 


is j " 2 
s its luminance. We have Ё = Lm , where D?/f? is the focal power 


€ ttg lens. Note that we have 
neglected the light losses 
p the lens. 
kr According to the sign 
penton formulated in 
dd. the focal length f of 
tance ue lens and the dis- 
inves d’ from the virtual 
Witko are both negative. 
e hout the lens theluminous 
е» is distributed over an 
jen So = nDi/A. With the 
ue same flux is distrib- 
ited over an area S = nD?*/4 
(Fig. 44.9). Therefore E/Eo = 


= р/р. But ъ= Фа andD— 


00—90), where gis the lens diame- 


ter, In our problem d = —f, — + E = T i.e. d' = 112. We have 
D, | L PM 
peasy 7S X. GEM 


ыы p’, where A’ = 9 ст, 


44.10. For a short-sighted eye vt т 
and the retina, 


d' is the distance between the optical centre of the eye anc e 
ver of the eye. То correct ie eye-sight, glasses 


and Ф’ is the focal pow 
@ should be worn. We have X gn ot o, 
econd 


with lens power 
lity from the 8 


5 cm. Subtracting the first equa 


where А = 2 
we find the focal power of the glasses: 
dies iia 
^ A’ 


44.11. From the Rayleigh criterion sin 0 — 4/D we obtain for a small 
angle 
555 x 10-9 x 18 е 3007 


=57 


= = 2x10? 


(cf. § 66.4). 
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oming 
44.15. The paths of the rays are shown in Fig. 44.15. The s real 
from a distant source at a viewing angle со should pro! s (ocular) 
image h in the focal plane of the objective. But the eyepiece action 
is placed in its way, and the ray experiences secondary T jy the 
leaving the eyepiece at a viewing angle с. To find this we ay 


Fig. 44.15. 


Clearly, tan a = h 


7 j and for small à? 
oc 


i ]es 
DEZ. = g 
5 9 


i he 
44.18. The ratio of the velocity tive 10 t 
velocity of the runner is the 5 9f the ray across the nega ions of 


ame as the ratio of the dimens! 


Vig. 44.19, 


the image to that of the object. Denoting the lateral tion 
btain v, = В ~ а Í al m 
by B, we 001 neg pul. 


= gu: since when th? 
jective is hi d Dà’ 
focal power of the objective is high the image will lie practically 


agnifica 
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in the focal plane. The exposure time is found by dividing the blurring 
x тФа 


of the image by the velocity obtained: т = — = 


44.19, A cds Uneg Н 
. A schematic diagram of the path of the rays is shown in Fig. 44.19. 
sharp. Then the 


iuppose the image of a point А on the negative is 

{в EI on the negative of point B which 

of ШР to the lens will be a small dot 
pidih z. Let the distance from point 

ро о the lens be a, and the distance from 
int B to the lens be b. 


Шаша E and = 2L. Obvi- 


# qnl 
бшу en CX , where q is the diame- 
rb 


ter of the diaphragm. Hence p= = a 
=x (a—f) _ bz(ab—1) 


MN ICONE C 
a First one should estimate the ар- 
prent dep hof the pond d; (Fig. 4^. ). 


di--lcotf, d= d, . tano 
p, 1 cot & and = 7 un 


sno d From the 
thin lens formula we obtain + +=. Therefore the Te- 
quired distance between the objective lens and the film is 


a’ = 40а — nf) 


45. Photons 
per unit time is N= 


45.1, The total energy radiated by the Sun 
= 4nJR?, where J is the solar constant and R is the radius ‘of the 
Earth’s orbit. The total emissive power of the Sun is 

N JR? 


Er—TaR RS 
where Rg is the Sun’s radius. Assuming the Sun to radiate as a black 
body, we obtain 
Ep=oT*, whence T—j1/JRSIGRE, 


45.4. The intensity ofa wave is equal to the energy transmitted through 


unit area per unit time. We have 
= ANhw | ANhc 
Cap? ям? 
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metet 

Where N is thi 

of the pupil. T€ i 
e power of the source is Р = 4дт?Г, where г is the di 

the source to the eye. 

45.6. Since the ener, 

їапеЧөп, the kinet My о а = helh. 

equal to the energy of the hoton, K = & = s 

p Un gy р will stop when the cut-off p 

rgy (in electron-volts): 


zs is the dia 
€ number of photons per unit time and D is E. 
stance fr 


k 
he Wor 
racticallY 


otential 


е 7 e =, de й 
aking use of the result of the previous problem, % 
he (zà4 —24) 
eh Ag (x — 1) 
Where т is the ratio 


су 
of cut-off potentials. e quent: 
45.12. According to the Doppler effect (seo § 59.8), the fre me і 
of the electromagnet 


o ома 
45.8. M 


P= 


fra 
ic wave in the laboratory reference 
/1—B8z 
a o, V1 —B j 
1— В cos 0 Е y ane 
where wọ is the proper frequency of the wave. But the energy, the 
the momentum of a Photon a 


ey 
are proportional] to the frequency 
wave $ = ло and P=holc, There- 
fore the ratio between the ener- 
gies (and the momenta) in the lab- 
oratory and in the Source reference 
frames will be expressed by the 
same formula, Ы 
45.13. In the case of normal inci- 
dence of photons on the mirror sur- 
face, the light Pressure is expr sed 
by the formula p = 2nhvie = 2w, 
where w is the volume energy den- 
sity of the incident light. The fac- 
tor 2 is due to the reversa] of the 
momentum of a photon in the act 
of reflection. When the angle of in- 
cidence of photons is a, the normal 
component of the momentum un. 
dergoes a change of sign. The ex- = 
ession for the light pressure is Vig. 45.14. 
pt = 2w cos 0. | 
45.14. The POR poe ont is @ and its 
This: momentum 1s tra 


momentum is p al by 
1 system (Fig, 45.14) ant 


А i Г 
he Jaw of conservation of Momentum mp = p= $ By the law 9 
the Ji e 


——c& 
2 (1 Cosa), so p = V saisi 5. 


туў? 


i Г energy — mg 
conservation of energ g 
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Ti 
he energy of a laser light is 


Ф = mvc- mc V ia sin? T 


49.15. Th " 
particle of Torea d light pressure on an absolute black spherical 
Fight = 
wh n ы 
point I is the intensity of the electromagnetic W 
- The gravitational force is 
: ym M, Anypr? M > 
F gnv— gm = 


nrtw = л/с 
ave at the given 


whe ы 
сте R is the distance of the particle from the Sun. It follows from 


equality of forces that 
r—3IR?/AypcM с 


But IR? = 2 е 

f = J R2, where J is the solar constant and 

rom the Earth to the Sun. Hence 

i r—3J Ri/Aypc M с 

19. OW 

Bs M. The shift in the wavelength in the Compton effect is Al = 

Substit y = 2h¢ sin? (0/2), where 0 is the photon scattering angle. 
ituting 2% = Ac/$ and hg = h/mec, we obtain 


Ro is the distance 


fe he 2h „ ee MP T 2 sin? (0/2) 
6 E mec lc a 6' w^ Eo 


Wher -— 3 8 
of the ё, = mec is the rest energy of the electron. In the course 
e collision of the photon with the electron the latter acquires 


an energy 
262 sin? (0/2) 
—4. 8! = a 1072) 
A6 — 6£—6'—-g E28 sin? (0/2) 


4 
8547. The problem can be solved with the aid of the laws of conser- 
ation of energy and the momentum (Fig. 45.17): 


€pnt+ o= Eph +V Eit p*c? 


E ©, 61 
ae cos 0+ p cos &, o=— sin 0— р зіп @ 


аге photon energies prior to and after its colli- 
бо and p are the rest ene 
iknown quantities Epn anc 
we obtain 


== pc sin@/sin 0 


where Eph and б, 
sion with the electron, and 
tum of the electron. The ur 


1 from this system, and 
ph 


rgy and the momen- 
1 p can be climi- 


natec 
s a system of two equations: 


psina | улууу, Spy — et 


ъп 6o — sin O sin Ө 


This give 
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CES я А ystems 
Eliminating the momentum p of the recoil electron from this Sy 
хе obtain 


pn sin а £2, sin? Ü 
Jd m eb usi === 
Eohi E sin (0 4-0) ! 1 In sin? (a. 4- 0) ml 
А 2 світі 
After tedious but simple transformations, we obtain the d 
expression for the energy of the photon prior to EDIHSIOT. hotons 
45.18. Since we are interested in the minimum energy 0 Pocifiod 
for which the formation of Compton recoil electrons with the sP 


Fig. 45.17, 


: " act 

momentum is possible, we mu i йир 
: : st c Y г ^ al ir e 

as in this case the nont onsider tlie case of centr th 


: : um transmitted [г he photon ad 
electron is a maximu -Fi T Hn rom the ph y an 
the momentum m. From the laws of conservation of energ’ 

ER MUT = [4 gr 

Sm Уре, fon Fin, 

c c 2 
we obt 


ain the expression for the photon energy: 


1 
E= (е6, V EET 


On the other hand, the mome ined 
from the curvature of its track: athe electron may Da deter hoton 
energy is 


(see § 41:2). The ph? 


prise 
phy (eR у PEE, 

45.19. оро е d ong electron absorbs à photon with energy 
1 and momenti )ph = n/c. The IS GF c, On Чу org. 

Sus momentum in this caso po be written qae ation еы 


Epn + €,— \ Gp ps, Son " 
== 
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Eliminat; 
! тА the energy of a photon we obtain £y + pe = V Sit pre. 
is impossible" and gathering like terms we obtain 2pc€o = 0, which 
absorbed e. This proves that the assumption that the electron 
45.20. TI a photon was false. 
Mea e ry way to solve the problem is to adopt an inertial 
issih some aa in which the electron is at rest. Indeed, if a photon 
energy EE erence frame, it is also in any other frame, although its 
lem 45.12 momentum are different in different frames (see Prob- 
choose thy’ Therefore for the purpose of solving the problem one can 
Mass (and гено [гате in which the electron is at rest. But the 
o emit a ie internal energy) of an electron at rest are a minimum. 
and its ap hoton the electron must spend some of its internal energy, 
emission Ps must become less than the minimum. Therefore the 
Conservati a photon by an electron at rest contravenes the law of 
other j on of energy. The same conclusion remains valid in any 
nertial reference frame. 


45.2 : 
аруа principle, the photon may be detected at arbitrary points 
Placed he screen, but with different probabilities. If the counter is 
With the long way from the slit, in a direction making an angle 0 
" ue normal to the screen, the probability of the photon entering 
to the inter will be proportiona to the volume of the counter and 
intone Intensity of the light wave corresponding to the photon. This 
Sily is expressed by the formula 
T= т , where -—— 
qus g 57.9.) Expressing the wavelength in terms of the energy of 
photon we obtain the expression for the probability of detecting 


a photon: 
sin? a лр“ sin 0 
Oc y, —S—- fpes 
wX У 1" where Же 


5-32. For a system of N sl 
Un probability of detecting a photon іп а specified regi I 
onal to the intensity of the respective sinusoidal wave passing 
through the diffraction grating. It is ‘Substantially different from 
he probability of detecting at the same point a photon which had 
only one slit to pass through. Using the results of $$ 57.6-57.9, we can 
write the probability sought in the form 
sint?a sin? Np 
ш ~a snp 
where V, is the volume of the counter, and the auxiliary angles a 
and p are expressed in terms of energy of a photon in the following way: 
ad sin 0 
hc 


45.23. The photon will eit! ugh the polaroid, or it will 
be absorbed by it. The probability of a photon passing through the 
polaroid is Шраѕ = cos? a, while the probability of it being absorbed 


aD$ sin 0 
hc P 


a 


her pass thro 
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so of the 
T xis of t 
is шара = sin? g, where c is the angle between the орно elect? 
polaroid and the direction of the pe eed vector o i 
magnetic wave corresponding to the photon. head 
45.24, Prior to collision, the electron and the photon fly, 


n 
А гос" 
towards cach other; after collision they will move in the initial 6 y 
lion of the electron's motion. The laws of conservation 
and the momentum will assume the form 
р-р E, ee h 
Hence it follows 
8 -F pe — &'-E- p'c--2hv', — £ ре олу $' — p'e 
Multiplying, we obtain 
8° — pc? + 2hv (8 +. pc) — 8'2 — p'e^-|- 2hv' (8 — p'e) 
But $*— pu? = gn. рада $$. Hence m 
hy (E+ pe) - hw' (8'— p'e), ог hy (+ pe) — hv! (& — pet? 


Multiplyin, 


юп Ed 
‘ing both sides of the equation by the expression & 
we obtain 


| hv (6 +- рс)? = hy! 18% +- 2hv (& + pc)] непо 

But in the ultra-relativistic case 8 & pc (see Problem 8.12) 
46*hy 

AW US 

C =-ж леу 


46. Elementary Quantum 


Mechanics 
> ‚ ar 
46.1. The kinetic energy ofa particle is K — 8—8 = V 8 PE 1) 
— & from which we Obtain for the momentum p — As yK (280 ia 
and for the de Broglie wave 
cA 
P VK (26, 4- К) 
Гог K < бо, we obtain the 


The error due to the 
for the relativistic one jg 


Anonrei—À _ OECEKC 
b= À =y 2 ^ Which gives 
K 


2g, (0-6) —1 x 28 
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the substitution of the 


sin 
ce ô < 1. Hence, the error introduced by 
о will be less than ô, 


nonrelativieti 

if pro аш formula for the relativistic on 

46.2. Tho kon 
Tick mig [еш energy of the particle 
for ie ie he accelerating potential: A =~ et 
Problem kinetic energy into the formulae obtain 
celeratin we express the de Broglie wavelength in term 
46.3 Wwe potential. | 
(8 66 8) е изе {һе expression for the resolving power ofa icroscope 
ы Кулы sin и — 0.02. We can find the w the 
keV ivistic formula, since the kinetic 
46.4. ib. much less than its rest energy W ] 
the jo one assumes the apertures of the electron microscope and 
n projector to be approximately equal, the difference in the 
y the difference in the wave- 


Tesolyj 
lving powers will be determined b 
ientials to be approximately 


is equal to ils charge multi- 
bstituting this value 
ned in the previous 
s of the ac- 


ion that of the ions. 

Pie de Broglie wavelength for these electrons ish = Му 2теф = 

at a V 15 = 3.2 А. The first-order diffraction minimum is observed 

slit ($ 21815 0 such that sin @ = A/D, where D is the width of the 

men Since the angle is very small the width of the principal 
is 


2 = 2ltan®@ = 24D 


t-order maximum (see $ 62.7), 
) = 2d sin о, where @ 
find the kinetic energy 
nd the corresponding 


46.6. Usi 

ünd qu Bs the Bragg law for the firs 

уай Ше de Broglie Wavelength for neutrons: 

of e glancing angle. From the wavelength we 
neutrons (see Problem 46.4), their velocity a 


temperature: 
2 h? h h? 
kegi "TR 1 Bm 


46.7. The root-mean-square momentum of the molecule may Бе found 


from the condition 3 ar = Рт, from which Pr.m.s = y 3mkT 
- h 
and the de Broglie wavelength XL ‘ 
Pr.m.s. y 3mkT 


46.8. (1) At the accelerating potential Ф: = 402 V the electron is 
article. Its momentum is ру = y meq, and the 
= E Я 
m. But the group velocity of the de Broglie 


a nonrelativistic р 
le's velocity: Ui = 01: The phase velocity is 


velocity is 41 = 2eqi/ 
wave is equal to the partic. 


u=— =c? V we 
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‚ (2) At the accelerating potential (Pp = 105 V the electron is 
ativistic particle. Its momentum is found from the con p 
Y 684 pt = бо--єфә, from which it follows that 


jtio? 
i-i Vepa @бе--еф„). ‘The mass is found from the condi 


a rer 
41000 


2 


av iB 
mac? == @,-1-еф„, whence m,— a. (s-1- eqs). The group velosit? , 
= 2 


c V eqs (28,-]- eqs) 


т; Cot epz 


иь 2 £ (otepa) 


Y eqs 20$, -|- eqs) { 
(2б,-1-еч d not jn 


D 1 MS Case the energy is conveniently expresse 
joules, but in kiloelectron-volts since бо: 510 A ]f-wave fils 

in the ground state one de Broglie hall-" the 
urs length of the potential well: 7, ууз, The momentum ot ol 
parue e Ies hl. = h/2L. The recoil of the particle from tiim is 
^ he well iy perfectly elastic, so the change in its momen o 
of the change in theo verae force of pressure is equal to the djrisions 
taf ost momentum variation and the number 0 


Pay = Ap-z= 2р-уу—+= E i 
46.10. The energy of 


an^ 
а particle is б, = 22 n?h? where the av 


tum number n, accord 2m ~~ 8т1Л' assum 
t 
the hr 


the values 4, 5 292014108 to the conditions of the problem, 
rd 
z^", so the excit eH 


46.11. The zero-point ener 

ation energy is Аё e 
— o = hv. The vibrational han ur 
excited when the energy of diee пос un ss t E | 
excitation energy. The usual s E 


T Crilerion is З Ет сө, which У 
the minimum temperature 2 


T 


BY is go = 1/2 of 
excited state is 6. = 5 Н анине ы 


Vib = 2hv[3I — 4 у доз K 
This does not agree With exper i jpration’ 
spectrum of hydrogen molecules nb Bug the lines of the vibro furos, 
This is because of the Maxwellin ex at lower tempi utig 
(see § 25.2), which shows that a gas ошо ecular speed di е speeC" 
are far in excess of the average. For йй апын molecules whos e mole 
cules have speeds three times greater 208, about 296 ore energy 
of such molecules is more than 9 times the tie average. The ners” 
rage kin 
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16.12 
“12. The kinetic e; 
inetic ehergy of an orbiting electron is к= mev?= 


Se, 
T Mew?p2 Е 
» the zero-point energy is Eo=ho/2. The natural fre- 


quency ; 
an У ізо v T. m be 
d 4 the ax ата F|meA, where Fisa quasi-elastic force 
plitude of the oscillator. Assuming the quasi-elastic 
e Ug 


Fig. 46.142, Fig. 46.14b. 


the 00 be of the Coulomb type 


fadi 
adius, we obtain 
——— num 
V ei 
o= ———s 
4ngomer?* 


Putti 
in = 
E К = & and substituting the circular frequency, we obtain 


and the amplitude to pe equal to 


after 
some si п 
е simple transformations 
4леоћ 
r=— 
eme 


Despi 
it " 
expres АШ arbitrary assumptions, We have obtained a correct 
46.13, Th ior the first Bohr radius. 
e probability of tunnelling through a potential barrier is 
L — 
w—D|Dy-—e-a, where a= y 2m (Uo — e9) 


ре § 70.6). 
tal a In the absence of an external electric field the electron іп a me- 
(Fi "s shielded by an infinitely wide potential barrier of height Uo 
the, 46.14a). In the presence of a strong е. t i 
wid otential barrier assumes а, triangular shape with height Uo an 
№ th L = q/E = Ay«eE (Fig. 46.14b), where ‘Ag is the work function. 
qoglact the shape of the barrier а: su it to be rectangular. 
ше the energy of the electrons in the metal is gr, and their wor: 
unction is Ag = Uo — $r (вее $ 75.3), the parameter 2 which deter 
mines the probability of the electron tunnelling through the potentia. 
barrier assumes the form 
2L — а 2A CETT 
an 2L. y an D, — 87) El yam 


19-0465 


290 Solutions 


e 
^7. Atomic and Molecular Structur 


ill 
s wil 
a the nucleu 
471. The approach distance of an alpha-particle to 

be a minimum in th 


«oy kinet 
ntire kine” 
case of a central el елегі j 
lc energy of the alpha-particle is transformed in mene pum 
K = y „© where Z, and Z, are the respective à 
алерг ' 2 
hers, i 
47.2. We obtain th 


тЇр” 
e fi 
etal acceler, i 


T at the ce 
rst equation from the condition tha 


ation is due to the Coulomb force: 
e 
2 2 i pL 
T TAL » Which gives — mv?r 4Tt£g wi 
r D tion: тї” 
А іта 
The second €quation stems from the rule of orbit quantizatit 
= nh. Dividing the fi 


? tain 
rst equation by the second, we ob 


1 e? 


v=— 


n^ Ane gh 
The 


Maximum speed Corresponds to the first ( 
level. Its ati 


energy 
io to the speed of light in a vacuum i 
Constant; 


incipal) re 
ТОЛО 
s 
2 1 
Dy ONE -3 = 
Angel = 13 xX 10 d 1 ) we 
47.4. From the formula g = her (4 ansitions 
excited level: n = 3. Directo secon 
ird level to the f pez second, and from Е tat? 
the first | ition Obtain three spectral line round $ 
rie Es by EY of transition from the excited to A here. due 
© Photon and th, > 6 = hv d u A 
= p?/2M is the tà : lene ty aud is the momentu үл 


onse? e 
ance with the law 012 and 1 

SP = Pph = Ву/с, Hence p = h2v*/ 
energy js 


Solving this 


E=hy ( 1 d.d. ) 
quadr, 
energy of thi 


atic equ ti 
e Photon: quatio 


hy 26 
EE SG 
EY 128 
Since the transition ener, 


ү, 
3.6 ^ d 
i i low 19," ар 
ig 4 EY inah drogen atom is be zz 1075. бе 
and its rest energy is | GeV, it De that 28/Mc* tappreción, 
so this term in the denomina Or may be left out иш prob 
loss in accuracy. Since, according to the statement o 
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u Sie cH 
he transition is from the fifth to the first level, it follows that 


" i A 24 
G=-heR (4-3)= 5 лен 
Hence v= 24hcR Р 24252 R? 
= Ahel cape recoil energy is TE LC _ 
led 28 осой energy із D-— 5 ggg : Nhe Ve 
ocity of the atom is gc aH. 
25M * 
Z*hcR 


we 


z П 


41.6 ; E 
47.6. Noting that for a hydrogen-like ion €n7— 
n“ 


obtain the generalized Balmer formula 


For helium (Z = 2) we obtain 
1 1 1 
A oam (== 
yan ( т) 


ап series is the 


п = 


result of (ће transition 
2) and of the Balmer 


The principal line of the Lym 
e third to the second 


from the second to the first level (m = 1, 
series (Mg) the result of the transition from th 


level (т = 2, п = 3). г 
17.7. The diameter of the excited hydrogen atom is d = 2n?ay, Where 
nis the number of the energy level and ap the Bohr radius. The con- 
centration of atoms is 

1 1 

no X quo or по S “Буба 

ries is excited as the result of the transition of an 
nber of the level is two 


d level, the maximum nur 
ber of observed lines. Hence in 


lestial body n — 35 


Since the Balmer se 
electron to the secon 
units more than the maximum num 
a gas-discharge tube n — 14, in a ce 5. 
47.9. The spectral lines in question closely resemble the first three 
lines of the Balmer series of the hydrogen spectrum: 6563 À, 4861 À 
and 4340 А. To make sure that they are in fact the lines, find the 
ratio of the wavelengths of the galaxy spectrum to the wavelengths 
laboratory. We shall obtain identical ratios: 


radiated in the 
" 
А 6877 . 4989 » 4548 4 045 
A, 0963 4861 4340 
The red shift is duc, obviously, 10 the motion of the galaxy away 
from us (the Doppler effect). We have 


ЖЕЕ whence EE 


e speed at which the galaxy moves 


A= № 
Solving this equation we find th 
away from us. 


19* 
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Solutions —-— 
: nass of the 
We should consi 


сот" 
ing about à 

ng abou 

nsider the Proton and the muon as revolving 

Ton centre of ass (F 


n 
ain a syste? 
ig. 47.10). To find the radii, we obtain 

ig. H х 

ol equations: 


(1) 
ту? mav? EX - 
д = Ts алела? @ 
а=ту--т„ d 
PauU, + тг, = nh 1 
Tg 
түү = туг, [ry = vol! 
i hat v,/ry ii 
It follows from the first and the fourth equations t = 10. = mos : 
and from the third ang the fourth that vı + va түгү 
muon 
j кысыл 2 
proton 0 


% 
Fig. 47,10, 
Hence we obtain the orbital 


Speeds; Uy = nh 
Stituting this Tesult into the f 
и: 


sub” 
fam. v, = пата. аїр 
1, 
ist and the sec, 
the rad 


= ео 
ond equations, W 
Ante gh? x 
ту һо Aneh = па ARE gh? 
түе? » Ы 
Hence the Bohr radii of а mesoatom тау be 


obtained: 
® mm 
An — 2 E mes 7 х el 
e m 
n lev 
Tho energy or ап electron occupying an arbitrary energy ао 
£,— a Mav} е? e — at 

2 4л ал = 82850, Вледао 


= her -Zo. 
rad 


а 
where ap is the first S of the h 
a 

i 


Ke 
ATSU Bohr ay make 
47.12. The solution is simi] roblem 47.10. One a c aay 
use of the formula obtained ; Putting m, "The energ 
We have a, — n?2as, Where ĉo is the first Bohr radius. 

in the ground state : = 4) assumes the 

47.13. The first potentia] тар takes pl 
over from the first to the Second level 


ius Ydrogen atom, 
T to that of p 


чем) 
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4744. The orbital quantum number corresponding to the s-state 
15 Z = 0. Therefore the appropriate magnetic quantum number is also 
т = 0. Hence the electrons may differ only in their spin projections: 
xum P and s = —1/2. Thus there are m possible sets of quantum 
umbers: п, 0, 0, 1/2 and nm, 0, 0, —1/2. i 
The orbital quantum number corresponding to the prse is 
= 1. Therefore the magnetic quantum number can assume three 
Values: m = 1, m= 9 and т = —1. Since there are two ossible 
Spin projections corresponding to each magnetic number, the Por 
sible sets of quantum numbers are six in all: n, 4, 1, 1/2; m 1, 1, 
102: m 4, 0, 41/2; n, 4, 0, —1/9; m 1, —1, 1/2 and m 4, —1, 


47.16. The valency of an element is determined by the number of 
electrons occupying the upper partially filled electron level. All 
oe elements have one electron on this level. 
17.17. The Pauli exclusion principle does not hold for bosons. There- 
чота in а system in a state of minimum energy, all three particles 
Ma occupy the first energy level. Since in this case their momenta 
4:9 equal, the force of pressure turns out to be three times greater. 
17.18. Of the three fermions, only two (with opposite spins) can occupy 
e lowest energy levels. The third fermion must go over to the second 
evel, and this will be the state with a minimum energy of the system. 
we the second level the length of a potential well holds two hall- 
aves, i.e. L= À. The particle's momentum turns out to be p = 
i МА = h/L, i.e. it is twice that of a particle occupying the first 
evel. The corresponding increase in force is four times (see Prob- 
em 46.9). For the resultant we obtain 


F 2h? , Am 3h? 

a | Ame |! 3 3 

4m Li 4mL 2mL 
47.19. The shortwave threshold is determined by the kinetic energy 
of the electrons bombarding the anti-cathode: hc/A < К. But the 


Inetic energy of the electrons is itself determined by the accelerating 
Potential: K — eq. Hence 


А > helep 
47.20. Apply the Moseley law in the form t= R(Z—1)?X 
x (53) e Hence it follows 
4 
#=1+}/ ag 


Knowing the atomic number, we can easily find the material 
of the anti-cathode. 
47.21. The wavelength of the K,-line for vanadium (Z = 23) may 
he determined from the Moseley law. This line can be resolved only 
if it does not lie outside the continuous spectrum, i.e. if A, > heleg 
Te he 3(Z—1)2heR "m n 

nce Фф POSU оф > —————. 

a 


4e 
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0.1. Honc? 
47.22. From the conditions of the problem, (А 91h = 0-1 


hc z 


>= = 
it follows that 4—0.9A,. or hc/eq — 0.9.4. We have Фф 2 ту бет 
_ (Z—A)*heR 
= 1.2e ato includ? 
47.23. The angular momentum of a rotating quantum system) : 


LU S 2. 
ing a molecule, is L= V I(L-- 1) A, where Г = 0,1, 
The kinetic energy will accordingly be 


L2 1 1) л 
Kien UTE UT, ) = 


7 о ited 
xci 
where J is the moment of inertia. The kinetic energy in the m а 


e 
: and the 
state is Ку = A?/J, the angular momentum is Гу = ^ V 
angular velocity is i 


o 14 2%У2 
== 

Pi та? atoms 
Here d = 0.74 A is the distance between the centres of the doge? 
i the molecule, and m = 1.67 x 10-27 kg is the mass of hy 
atom. 


зола! 
47.24. The energy of the molecule on the first vibration-rotat! 
level is 


уто gylby grot Se. n 
2 J ý 

a "m oto? 

The transition to the zero level results in the radiation of а ph in 

of energy pn = $10 

terms of its wavelengt 


== 1817. Expressing the photon energy 
» Eph = 25/ic/A, we obtain 


= 23Jclh 
"p T н : Я e own 
Kap PIUE еа of vibration-rotational energy levels 18 а ы 
in Fig. 47.25. There are only two purely vibrational levels: © 


0 
і : L i = H & son? 
ede soe eed ? = 9ho/2, and thirteen intermediate vibrati? 
‹ vib ү сетор ^ 10140-4) 42 4 
Wo Er phe ma ERES s в дэна! 


It is clear from the diagram th. 
tional level coincides with the fi 
ho 144154? — Зло 5 Es 

614 3 + 2J 3 whence 14 152 
s moment of inerti? 


at the fourteenth vibration-roU^" 
rst purely vibrational level: 


ho 
This makes it possible to йети the molecule’ 

about its centre of ma в: J = Al > Alo. On the other hand, the momen 
of inertia is J = тигр + mpri Where Tg ck rp = d is the distant? 
sought between the centres of atoms and myra rrp- ВШ тр 19ти: 

еа. рр. p 
" = 19гь = 194/20. Substituting ; 
Therefore rg 19r, 19а/ ubstituting into the expression for 
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the : 
moment of inertia, we obtain 
19 
J—mgrg (ru 7р) = 39 myd? 
For t] 
ТИР 
е distance between the centres we obtain 


É— 
24 x 1092 
d= <_— 
190 тн 
47.27 
воне spectral lines of а helium atom are due exclusively to the 
ic transitions from one energy level to another. These transi- 


tion : 

In T peut їп a line spectrum. 

is a ве drogen molecule there m 

tational 8E vibrational and ro- "S 1 
© elect evels, in addition to = 

Bea oes (see § 74.4). ee n 
vds of this the spectrum of ____————— ii 

not ot molecule consists 7^ — 

Бапа isolated lines, but of ^| ——-——--— E 


ange 

а. orientations of the ЕНЕНЕ —Ó M & 

Ona T moments of the pro- See, 

eite the electron may be ee у 

to T parallel, or anti-paralle 

19.918 another. Therefore the Fig. 47.25. 

Ee energy of interaction of the ў 
'tron and the proton is 


е д 2рупрре 
E = Ecoul + Emag” яе = Gare 
бее §§ 40.6, 41.10 and Table 10 in the end of the book). The relative 
rror is 
sa| $2 Boot |x | Se NL OPE 
€ Y coul eic?r? e*c'ag 
where ag is the Bohr radius. 

Every energy level is seen to split into two sub-levels: the upper 
$;—68 + | mag l; and the lower €n = б =” I que , where n 
is tho number of tfe level and | mag 118 the magnitude of the energy 

c interaction. Das hed lines in Fig. 47.28 show the first 


three energy, levels stemming from Bohr's theory, while the solid 
tic interaction. The diagram 


is, of course, not to scale. 

47.99. The transition from the upper to the lower sub-level of the 

ground state in hydrogen esults in the emission of a photon with 
1 The corresponding wave- 


г 
an energy $ph = &1 1 = 2 | Emag |. 
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ВАННИ "VE 


length is | 
A= he — Ánlicag 
= ШЕТИТИ 
áa х 6.62 x 10791 X 3.00 x 408 X 5.299 x 10-33 
агу 10-35 x 9.28 x 10-54 roduce the 
It follows that the classical calculation does nor P 
correct wavelength, but the order of magnitude 15 n combi ig 
47.30. The frequency of the nearest red companion in grin, of t 
Scattering spectrum js known to be vied — vo—A 


=0.56 т=56 cm 


violet companion vy уо AZ vin/h, — = 
where vy is the frequency of light. But oe é 
ДЕУ — hy, where v is the natural fre. =e 
quency of vibrations of a molecule, There- Q SSS 2 
fore yred _ "o — V, — v,viol = Vo + v, 
from which we find the natural frequen. ‚ 
cy of the molecule to be é 
viol red e 
— TER 
10 1 1 Fig. 47.28. 
= (os Fig 


47.31. To make the Operation of a laser 
ulated emission must be Provided wi 
tical photons. The 


] photons must h 
identica] Phases and identi 


, Bu 
9ssible, a mechanism 5 iden 
ich produces absolute Y ов), 

axe identical frequencies (пее A 

i cal spins (i.e. their polarization nd ther 
identical), This is possible only because photons are bosons a ate. 
may be an unlimited Number of them in the } 
Fermions, 9n the other h, d, obey the Pauli principle, which 
the presence in а System even of two partic] 


: 110100 
47.32. The lowest angular divergence can be found from the cond 
20 яде 2XD. 


A ctors 
48. Quantum Properties of Metals and of Semicondu 


48.3. Find the tota] energy of the elec 
46.0. 


А "olume of the metal, Imagine 
V is the poma. will require work agai n gas. Т! 
amount dV. P dV, where р is the pressure of the electro as AW es 
to AW — ial to the change in the energy of the electron ga electron 
work is SM ad the differential of energy let us скот ere № is t 
= gWe А in terms of its volume: п = N/V, wh 

gas concen 


re 
З gny, whe 
tron gas W = sn А small 
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total number of electrons. We have 


2 2/4 
wae NA (=) P3 Nsjsy-2/ 


Differentiating, we obtain 
dw-. 2 3 h? ( g yes 5/3V-5/3 dV 
SF oa (ы) reves 
эз [ 3 ү?з . 2 
a La /8 dy = —-— ny dV 
5m (хт) i 5 = 


The pressure of the electron gas is P = 2 пер 
4 Р 7 
48.4. Making use of the result of the previous problem, we obtain 


a 2h (eo) Ns/3y-5/3 
n Sm \ 8x 
Which yields 
pys/a const 

48 ae adiabatic index” is y = 5/3. 
elect he pressure in the “white dwarf" is due to gas consisting of free 
slate [il and of helium nuclei. These particles are in a degenerate 
8000 ps free electrons in a metal. The mass of an electron is almost 
9f the e] e mass of a helium nucleus. Therefore the Fermi energy 
ter tha, ectron and the pressure of the electron gas are 8000 times grea- 
Жо the corresponding quantities for helium. Hence the helium 
Probl re may be neglected. Making use of the result of the previous 

em for the pressure of the electron gas, we obtain 


PVS (ж) 5/8 
те 8л 9 


There are two electrons 
ie а t to each helium nucleus, so Ne = 2Na = 
z M ma where M is the mass of the star, and ma = 4.002 x 1.66 X 
kg is the mass of a helium nucleus. 
Hence PV5/ = AM5’, or P = Ap5/, where 
_ he 3 ys Р 
— 5те (mq,/2)5/3 (жт) аай шешш” 
48.6. The number of electrons rising above the Fermi level is Cs- 


А A. 
timated with the aid of an approximate formula Ar 28р 


(see § 75.7). 
48.7. The specific heat of a kilomole of electron gas is col = RkTÍ26y 


(see $ 75.8), the lattice heat is Clá' = ЗА (see $ 45.2). We have 


el 
CIC — kT/OE y. 


58.8, The mean free path is found from the quantum expression for 
t е electric conductivity: y = enApr (see $ 75.9). The Fermi momen- 
Um is found ffom the known concentration of conduction electrons. 


298 


Solutions 


The interatomic dist 
iL VE T Д (ee 8 44.2). 


r = nl? 
Р en = 
48.9. Let the concentration of pairs in the superconductor b 
Then the current will be ; = 


ms: 
$ of ator 
ance is found from the concentration 


А то” 
"бъ = 2 П SP. ‚ Where p is the 
gn Sv = 2m, 1 momentum 
mentum of the pair, According to Bohr's rule, the angu tha principa 
IS quantized: py — Nh, where N= 4, 2. 3, ... ( 
quantum number). We have for the current 
iN nS Jet 
P ете 


ini- 

r i, is the 

8 quantized: ; — Ni, where ig ist 

nS ef 

mum current, j, = 2$. їй 

A r т» it too tur 

Since the magnetic flux ig Proportional to the current, i 

out to be quantized: 


P= T= N Liy = ND, agne- 
where L is the inductance of the ring, and Фо is the minimum Twb. 
tic flux. Rigorous theory yields Фо = h/2e — 2.07 x 10- 
48.10. The electric Conductivit i 
'S proportional lo the Number of elect; 
In the assumption that tho t i 
from the valence to th 

aid of a barometri 


à | É/kT where 
а i ic ution, we obtain n = Ag ABIT чу 
is the forbidden band Width ( 3 ) 


the 
4 
M е ор 
) Seo $$ 20.44. 34.3, 35.1). Hence w 
for the electric Conductivity 


where B is a constant characteristic о 
temperature), 

48.11. The mean free path 9 
on the tem 

ture depen, 
mation. үу 


‚ей 
‘ cifie 
f the Material (at a Spe ait 
de 
f the electron is much less dm m 
exponential term, therefore the approx! 
T B can be Neglected in tho first a 


SR, es E em 46 Tr) 
ho ABAT =e З 
48.12. In the case ор in 


nol? 

e 

trinsic conductivity, the electron айй 1h | js 

ncentrations nro equa, Therefore Y == en (b, + b.), “Hence п? 

A mobility of holes and b_ is the mobility of electrons. 
X | Ё 

І f Н iffere? 

To find ie Han coefficient, note that the Hall potential diff 
f the electron and the ho}, 
0 


gee 
ite signs V 
© components are of opposite sign 


i i 0 
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$ 44.2). We have 


-) +) —b. 
Rug — Ен c 
48.13. Since indium is a trivalent element, the indium impurity pis 
as an acceptor and produces hole-type conductivity. Knowing t 1e 
concentration of holes and their mobility (see Problem 48.12), we 

tain y = en,b,. Antimony is a pentayalent element, so the anti- 
mony impurity acts as a donor. The electric conductivity is y = en-b-. 


49. Nuclear Structure 
49.2, Solve the system of two equations: 
10.013 x + 11.009 y = 10.811; r+ y=1 


Where z and y are the fractions of the light and the heavy isotopes, 
respectively, 

19.3, The radius of the nucleus сап be estimated from the formula 
R = Ro VYA (see 8 80.6), where Ry = 1.4 X 10-15 m and A is the 
mass number, The height of the Coulomb potential barrier is Uy = 


= е? 


Б алей " where 2 is the atomic number. 


49.5. The binding energy of the tritium nucleus ,H? is Gap = 
inq (4,00783 + 2 x 1.00867 — 3.01605) x 931.5 = 8.5 MeV. The bind- 
ìng energy of the helium nucleus «Не? is € ез = (2 X 1.00783 + 
T 1.00867 — 3.01603) x 931.5 —7.7 MeV. А —-—Á 

19.6. The number of alpha-disintegrations is obtained by dividing 


he change in tho mass number by 4, which is the mass number of the 
alpha-particle. We have 


After five alpha-disintegrations the decrease in the atomic number 
Will be 10, and Ёва — Zpy = 88 — 82 = 6. It follows from this 
lat there are in addition four beta-disintegrations, each of which 
Sults in a unit increase in the atomic number. 
19.7. The transition energy is equal to the difference between the 
energy of the original nucleus and the rest energy of the reaction 
Products: ан 5 
E = [209.98297 — (4.00260 +- 205.97446)] x 931.5 = 5.5 MeV 
This energy is equal to the sum of kinetic energies of the apma re iele 
uon teco] nucleus (see $ 17.2): € = Ka + Kpn and К/К, 
>= Mpy/ Mg. 
49.8. "The sum of the masses in the final stage of the possible re 
©xceeds the mass of the original nucleus. The reaction is impossible 
Jecause it contravenes the law of conservation of energy, Е Б 


e 
action 


49.9. See the previous problem. 
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horus 
сотте- 
nucleus by Am = 30.97535 — 30.97376 = 0.00159 amu, the s 


Thi 
sponding energy being A€ = 0.00159 x 931.5 = 1.48 MeV. 


-decay 
exceeds the electron rest energy (0.51 MeV), and therefore beta 
is possible: 


14891 > 15P31-4-_ 60 + gv? ino: 218 
А n 
The total energy of the beta-particle and the antineutrl 
1.48 MeV. ero. The? 
49.11. Let the kinetic energy of the extracted neutron be 2 


e 
A erent 
the work needed to extract a neutron will be equal to the aiff 


energy 
between the total energy of the reaction products and the rest 
of the original nucleus: 


eV 
AG = (12.00000 -+ 1.00867 — 13.00335) x 931.5 = 4.90 Me 
49.12. To evaluate the probability, apply the formula 


w-—e?, where a= 2R 
h 


В inoti? 
Here Uy is the height of the Coulomb barrier, and К is the Ki" 


niu 
energy of the alpha-particle. For data on the radius of the polo! 
nucleus and on the barrier height see Problem 49.3. 
49.13. The activit 


V 2m (U, К) 


есаў® 
Y of the specimen is equal to the number of d 
per unit time: 
dN veces 
Q = — пу AN (see $ 81.4). The ratio of the activities is 
N Ati 
ea Be Ne MaD S7 T 
© Ny de 
Knowing the half-life, we can easily compute the decrease 1" 
activity. 


122 2 
49.15. Knowing the activity Q—AN and noting that А7 
0.693 


ci 
=—7— » we find the half-life T —0.693N/Q. The number of nucl : 
ri 
is N=mN 4/A, where m is the mass of the specimen, A is the miiy 
number of the isotope and Na is th A i k Final 
T —0.699mN a] AO. A е Avogadro number. 
49.17. We might at first reason that 


— 5.30 — 4.50 — 0.80 MeV. However, thi i is too roug? 
shee it takes no account of the recoil energy of the nucleus, Certain, 
problems in nuclear physics demand a much higher accuracy. Consi de 
the energy level diagram for the case of polonium decay (Fig. 49.47): 
The letter Pb* with an asterisk denotes the excited lead nucleu* 
which emits puto wp A energy of the transition Í$ 
6, = , ig = 5. eV, i i rg) 
E Же Rum. Since В, = 4K,4/206 and 7^, is the recoil ener£ 


i » at 
€, = 5.30 + (5.30 x 20006006 $ io 2, it follows th 


is 
the energy of gamma-photons } 


6) = 5.40 
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ў ition is 
Similarly, the energy liberated in the course of the second transition 
6, = 4.50 + (4.50 x 4/206) = 4.58 MeV 


The energ a-photon is 
y of the gamma-pho 
j Ey = 61 — E2 =5.40— 4.58 = 0.82 MeV - 
" s " glec 
Note that because the mass of the lead nucleus is large, н 
the recoil energy resulting from the emission of a ga 
18. This problem is similar to 
Problem 47.5, but because the po?'? 
energy of the gamma-photon is 
much higher than that of an 
Ultraviolet photon, the recoil is 
is case much greater. Since 
ісе energy of a gamma-photon 
18 6, = 14.4 keV, and the mo- 
mentum is Py = 6,/c, the recoil 
nergy із €r = р22М = 
fe €v/2Mc?, Therefore the transi- 
lon energy is 


$— €,-- Eg, (1+) 


Мс? ài pb 206 
The relativo change i i _ 
: ge inenergy is ties WOH 
S= 46 — _8y Fig. 4 
é 2Мс2` | ‚ "— 
li The natural relative line width is Ônat = 7/164, where v is th 
сите of the nucleus in the excited state. 


E sults 
The absorption of a amma-photon by a;free nucleus re 8 
In it acquiring Heo Aem, to that of the ploran and, conge 
Tuently, a kinetic energy ér = p$I2M = 63/2Me. erato ers 
energy of the absorbed photon is £$^ = 6 + ёд, where 6 = €y 


+ Er is the energy of the transition, and €y is the energy of the 
emitted photons. Hence 


£1 — By +26n—= £y (1+ $y) 


Mc? 


inging the source 
This distorts the resonance absorption. If we start ИИ ара ip 
ànd the absorbing substance closer together, 


6, – &. yi Ре 
energy increases because of the Doppler effect: 6, = éy i—B 


Аш -+ p). Ata certain we obtain @ = 62», and resonance 
Ey (1 ) in speed we M ү 


absorption sets in. We have E Р ius 
"N^ em 
© (X) =%,(-ЕЮ, giving B= ур, an Me 
А Y^ i i the nuclei 
49.20. e decay probability is the ratio of the number of the neli 


hat have experienced decay to the total number of nuclei: w = — We 
that ha 
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It is proportional to the time of observation, w = À dt, іе. W 
== —ì dt. We have 


© aN 
| чу v -a f di, so ҺМС М 
0 
At the initial point of time t= 0, N = No, so ln No T Сай 
and С = —In No. Substituting this into the above formula, we 


а Ма № м, or М-Л, 


49.21. According to $ 16.6, the kinetic energy of the neutron is D 
> 1?/2ma? яс 0.2 MeV. It may be seen at first glance that o dictio? 
. fast neutrons can penetrate the nucleus, but this is in contra in the 
with experiment. However, it should be taken into account that} with 
nucleus the neutron is not a free particle, but interacts strongly y er 
the other nucleons (nuclear forces). The mean binding energy ich 
nucleon (§ 80.4) is known to be several mega-clectron-VO ts, rabies 
greatly exceeds the localization energy calculated above. This en Jeus 
all the neutrons, including thermal ones, to penetrate tho nuc 


50. Nuclear Reactions 


50.1. The number of the nuclei that to i ion is N vo. 
И а ok part in the reaction yo 
= mN lA, where m is the mass of uraniinn онй Na is the “i 0 
йо REARS and A the mass number. Multiplying the num on: 
the nuclei by Ag == 200 MeV, wo obtain the energy of the explos 


_ 1.5 X 6.02 x 1026 x 200 x 1.65 ras 
ж-ы ыш бон 10 10е 1—43 x 101 J 


ms T 

Dividing by the calori е Д T 

equivalent: трут = ius value of TNT, q, wo obtain the 

50.2. The energy released is found from the masses equation: 
AG = (0.01513 + 2.01410 — 2 x 4.00260) x 931.5 — 22.4 MeV 

The energy release per nucleon is 22.4/8 = 2,8 Mev. This is ay 
nes as i : = 2. , 

se nucleon. is released in fission of uranium: 200/235 = 0.85 M 


t 
8, 
action of nuclear, forie 


t I d еб 
Problems 33.10 and 47.26). 9E the Maxwellian distribution i$ 
50.4. Let the pi-meson be at rest in its 
momentum is zero. If a pi-meson decays inte twe кылат. ey will 
3 otons, 


h photon rately 

a pion into a Ma 1 
single photon 

he law of conservation t momentum: 


Nuclear and Elementary Particle Physics 303 


The energy of each photon is £4 = 135/2 = 67.5 MeV (see $ 83.7). 


50.5. F с : 
x b From the uncertainty relation for the energy we obtain AG = 
T, where т is the lifetime of the particle. The accuracy with which 


th 


50.6. F m 6 ET 

loto From the law of conservation of energy We obtain for the gamma- 
50.7 8 éy > 2mgc?, where то is the rest mass of an electron. . 
tica] ; чррозе that the photon produces а pai of particles with, iden- 
ene momenta (Fig. 50.7). In this case the laws of conservation of 
on d cad hd momentum will be writ- 


‹ 
брһ= 2тс?, Epn/e = 2mv cos & 


He 
Mp 2me? = 2mvc cos a, or c = v cosa, 
0 СЕ рова, 
©. Find the total ener released in 
e reaction: | BY 


ANE == (ma — my) x 931.5 — 
== 140—106 — 34 MeV 


€ The rest energy of a muon is 
Mia 106 MeV, the rest mass of a neut- F 
hat is zero. Assuming the decaying pion to be at rest, we obtain 
and the muon and the neutrino momenta are equal in magnitude 
Ч opposite in direction. We have 
б» 


c 


& 


Fig. 50.7. 


Son + Ки) 


1 — 
ру= y he VK (2 


Which yields 
" Ev= Y Ky (Eoul Ки) 
ut, from the law of conservation of energy Ey = A6 — Ay, 50 


A8 — Ky = V Ky (2б F Ку). Hence it follows that the kinetic 
energy of the muon is 


i=, АР ы 

we 2 (Gon + AE) 

50.9. The decay of a neutron results in the release of energy 

AS = (mp — тр) X 931.5 = 939.6 — 938.2 = 1.4 MeV 

This energy is shared by the electron and the antineutrino: A6 = 

= e+ by where the total energy of the electron is the sum of its 
and its kinetic energy Ke, і.е. бе = Eo + Ke. In 


rest energy © 1 
accordance with the law of conservation of momentum for a proton 


at rest 
By 1 


c c 


Pe=Py. OF 
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: imple 
Substituting the value of the neutrino energy, we obtain after 5 
transformations 

(44): 4-62 c, (46 —€,)? = 
Go Bae Ke me? 85 24€ 


an 
50.10. Let us denote the total energy of the neutral pion by лош 
its rest energy by @, = 135 MeV. By the law of conservation 0 
En = 26y, where €y is the pho- 
ton energy. From the law of con- 
servation of momentum (see Fig. 7 
50.10) we obtain Рд = 2py cos 45°, 
Noting that the photon momentum 
is py = €y/c and the pion momen- 


z’ 30° 
tum is рд = FI Ve — 62, we 
obtain у 
а — 61—48 cos? 45°, or, g} — 
— 6$— @ cos? 45° _ | 
It then follows that 6, = Eo y 2 Fig. 50.10. 
e 


inetic energy of the pion / 3. " 
is Ky = €)(V2— 1) and the photon energy is 6y =o! 2,He, 
50.11. The nuclear reaction tak 34 the Јам ° 
The kinetic energy of the alpha-particle is found from the 
conservation of energy which for 

this reaction is of the form 


2Ka= (Ми Мү 
—2M a) х 931.54- Ky=24.2 Mev 
Since the k 


duced е reaction 
are nonrelativistic. The separation 
angle is found from the law of 


conservation of momentum 


0 
Фи == 2pa cos EN 


But for а пото] 


ativistic particle Fig. 50.11. 
p = Y 2mK, so 
tos =4 y тика 
irr A 


50.12. The equation of the reaction is of the fo. 


TM ze? 
4 qv. Since We 88sume the neutron Produced jn 1 tap 


in t ion to 
at rest, the electron momentum is completely mie 
a 


1 
TT 
: he 
X tr: ted to t 
eutrino. The laW$ of conservation of energy nd th enti 
n 
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wi > 
Ш be written in the form 


Pe=Py, Eet бор= ont б» 


s of a neutrino is zero, its energy is 


Hence E= рус= рес= y 62 — бе 


" 
ince the rest mas 


e+ Eop= Eont V 62— 68 
on, we obtain for the total energy of an electron 


— (6on— 6 ор)? + 63, 
A 2(€on— бор) 


electron is 


Boles 
Olving this equati 


The kinat; 
e kinetic energy of the 


Ke= ge Boom Sen Sop See 


Subst; 
titutin, 
Е the respective values, we obtain the desired result, 


20-0465 


ANSWERS AND HINTS 


1. Kinematies of a Particle 


14. t= 78; z— 35 m. 1.2. t= 60 s; = = 90 m. 

1.3. ¢= 7,5 h; z — 600 km. 1.4. sina = u/v; t = Џо cos a 

1.5. а = В — arc sin о B 1.6. о = л/2. 

1.7. 35 min. 1.8, 30 m/s; —2 m/s*; 4125 m. | d averag? 
1.9. Hint. Make use of the definitions of acceleration an 


lon: 
velocity in the case of motion with constant acceleratio 
1.10. 1.6 x 405 m/s?, 


2. Force 
kiko Fizi Foz, 4 Far, +... 
24. k= dm 23. 2y— 171 2—2 358 . 
" E © ч Foo e+ 
kit ky n Fy Fa. Fy... 
2.4. d = Fyal(Fy — Ру), 2.5. k= kit k, 
Р cosa, T,—. cos 04 
sin (о: Роз) ' ® sn (а.а) * 
F,——™é sing 
айр nee etes AN 
sin (a - pj Е 


2.6. T,— 


7 ___ mgsinf 
2.7. eT 5 
2.8. mg, mg and 2mg. 


3. Particle Dynamies 
3.4. 8.4 X 10? Pa, 


m— m, Pa 2mymog F 
8.2. а= 8 -my Fm, ’ (cam, ° pres =27F, 


3.3. It is greater in the secong case. 
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e mg ? ч 
3.4, (4) а= а т-- М ' Рү= Мау; 
+%) F,— Mag; 

Q) а= me Ap =a, b, 2 
mur-—b ‚ F= Mas. 
ae) Е az= a3-]- b, Fs 3 
35, aag m— M sina 


(3) 


p "М6 (14-зіп о) 


mM > m4-M 
m, tan о 
385 а т» = =g ——— 
M cm mm, tan ad m, cora а= matan &--m; cota? 
T ™MMog cos a, 
— m, Sin? €--m; cos? a 
3.7, а, M sina созо (M -- m) sin? о 
ee M+msintq@ > %=—g M 4- m sin? а 
бъ msing cosa, mM g А 
Мет M M--msinta 
ee 
3.8, Т=2д boos a 8:9. фе lo 


———— „10. 39^12'. 
g 1—mo2/k * 540. 8 
3.44, In the lower 


Point the overload is 8, in tho upper it is 6, 
Sio, 7, 3g. Т 
2 H72cot*g; 7 


E cota, 


? 13/2 2 gi o — pi 
3.13, rp (142) / 3.15. ь— 208 зіп B cos (a В 


E COS? о И 
тн Le 
346. 4 — Y eH (xum. tan a= НІ, 
4. Gravitation, Electrical Forces 
41. 5.96 x 10м kg. 4.2. 6.03 x 49s kg. 4.3. 1.99 x 10% kg. 
^4. The Sun attracts the Moon 2.1 times. more strongly than does 
the Earth. 
4.5. 0.63 astronomical units — 1.08 x 108 km 
4.6. 0.414 o the planet's radius, 
47. 8 52 m/s; 4 62 m/s2 


270 m/s3, 4.8. 4 25 min. 
49.4% 10-86. 4.10. E=0; g..2V2 


Tega? ` 
E но ГУК 6.7 x 10-2 N. 
алео (a? + z2)372 


20% 
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(EL cosp — 
au cd . 14. 4.3 X 101 N/C. 
SAB my V m cosa sin (а В) 4.14. 4.3 x 
4.15. 0c tana < Ah mvs sin? о 


mvj sin 2a 
Ex 2eh <Е< el 


5. Friction 


94. 25 4 m, 

5.2. (1) а= DE, Fine x: ш. 

Q) ses ELI M "T m [eoe 

(3) ay EUM ру nM pito : 

5.3. ag ZM Gna d созо є Ding, tn solving the proi 


à block. 
Опе should take into account the initial velocity of the 


ies Mımag cos (®— p) А — arctan p. 
"n ML IE TE o=2 


inst tho 
(Hint. The force of Sliding friction of the wedge agains ed? 
table should be included in the equation of motion of t 
(Problem 3.6).] 


5.5 ме mMg COS & cos p 
ө, OT Mep msn a —- А 
= mM g cos (& —9) Р s 54 an 
"e С. зт Ет sin а=. Шш. Soe Problem 
5.5.] 


int. 
5.7. g tan (a — 9) «а g tan (a = arctan pe [ЇЇ ^ 
eae ча m а Of the Taree 9 here, es ar is ur ^ 
5.8. At a dis ance less than cm f, Í the disk. 
5.9. Over 11 m/s. Тош the centre о 


Mi MN 
g tan (& — p) E tan GLA М 
5.40, y Hsing «Ox y R 321 9), pois quie 
[Hint. Take into Account the fao , "on 5f 
force of Static friction i not kaoa ш the direction 
; 1 З cm/s; 5.1 m/s. (бо. 
results of th 0.09 5; 1 cm. xpress 
7 S0] т 
eration in termo Qus problem, ез 


the instantaneoU 
5.4. 0.2 m/s; 15 s. 5.45, 1 


1 m/s, 


быыл т" PR 


eo 
cooooo о oo 
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6. Theory of Relativity 


ʻa 


hole which 
Hint. Compare the dimensions of the rod and of the ho 
at rest are precisely the same. 
e = uvl. 6.3. 0.99995c. the meaning of the law 
Hint. Does the result obtained have the | m 
of addition of velocities? «ed to the medium whic 
Hint. Consider the reference frame p source of light. 
moves at a speed v with respect to the vious problem. 
Hint. Make use of the results of the pre « 108 m/s. 
a 99 m; 7.7 m. 6.8. 6.3 x 10-5 в. 6.9. 2.83 X 
0. р = py/(1 — P?), where В = vc. ions. 
1. Hint. Make ре of the parentz transformations 
2. 2.6 X 108 m S; 9.8 X 108 m/s. , s r the force 
3. The particle Moves in a circle. The expression Pur e 
will be formally the same as in Newtonian 
6.15, z= ly V1 =ЬЮ, 


Mass 

7. The Lay of Conservation of Momentum. Centre of Mas: 

/ 20 nie. 7.2. —3.25 m/s; 9.3 m/s. 7.3. 87 cm. | 

: imis i formula. 

|e kins; 5.3 km/s. 5 se of the Tsiolkovsky j 

| e Write equate (rp Мац р 15.5 in differential form an 
integrate it, k 


ji aust 
eeping in mind that the velocity of the exh 
ases is д constant. à wn 
Hint. Take into account the санды She ена акани 
ful burns, tre of mass (§ 15.8). 
8L int. аКе use [E ios dE the gonte i i =: 
7.40. The Centre of Tings В оь of 4.3 units from the 
hand edge of the plate, t 
re 
йй, "M distanca osa 17 — 1.13 cm to the left of the cen 
Rr - 
Of the Jap 
246. Re Ee cire] 


8. Total and Kinetic Energy 1.504 X 
Electron: 84 X 10-4 у. 0511 MeV; preter 539.6 MeV. 
ploy /55-3 MeV; neutron: 1.500 x 107 1 = 
2g $,10* m/s. 9 MeV; neutron: f. 
5:28 x EET MeV; 6.4 x 10-9 kg-m/s. 
u= 10-18 kg-m/s; y= Be = 0.996c. 
ini: c. ЕЁ 0.8%; 69%; 9296. ү 
3.8 Ds. б D ®= arctan 1 8.9. 2.7 x 10° em 
10, Hin; н 


1 ünge done } is equal to the 
8. Chan, he Work 5 н " 

I 1 i а y the electrical forces is ed 
1. ess? in the k 


inetic energy, 
ап 68 /2pe, gy 
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9. Uncertainty Relation 
9.1. Hint. Express the kin 
radius of its orbi : 


i be equal to the radius. 
9.2. 200 MeV. 9.3. 1 eV. 9.4, 9 MEY 


10. Elementary Theory of Collisions 


10.1. Horizontally at a s eed of 3.1 m/s. 10.2. 0.14 MeV. 
10.4. The distance from th 


; i to 
e vertex of the parabolic mirror is 
focus is f = p/2, (Hint. Use the result of Problem 3.14 
10.6. 83°; 43°, 


10.7. v= vd/2r; vy—y V1 —(d*/Ar* sing 


9; 
ъ= 8/27; а 4-93 = s 
[Hint. Use the Tesult of Problem 10.5.] 


" d 2myv cos a 
10.8. Ssing,——7 .. |, LI IA AS 
ndr. mı- mg 
` 4mm, cos? a, 
v=v 1— (T BERT 
m,--m;) 


[Wint. See solution of the previous problem.] 
10.9. р = Зат cos? о. 10.10. 5 m2. 


10.11. The ratio of the distances is 1,/], = 1+ 2 sin? a. 


11. Potential Energy. Potential " 
11.1. Hint. A field is said to be uniform, if the forces acting on at 
object have the same magnitude and the same directi 
all points of the field, 


Es: ymM _ _ mM Р ymM 
11.3. d CH Usur= — PH. = —meR. 
0 ?mMh T R А Yn M 
11.4. Ора "8 Rl: 0, 
11.5. 


=~ = mg. 


R 
U = —рУ/4лгуй. 11,6. 1.65 MJ. 11.7. 27.2 v. 
11.8. —13.6 eV. — 449, p= Vm; p= 


- V aq (28,29) - 
11.10. For the electron 105 V, for 


the Proton 2 x 108 V. у 
14.11. 1 MeV/c = 5.33 x 10-22 kg.m/s. ie v* 
ted for the proton 2 х 1010 ve * For the electron 


12. The Law of Conservation of 
in Newtonian Mechanics к 
12.4. 5.20x 10? m/s. 1295. 47 m/s. 


124. уза, 
12.5. Vgl. 12.6. mg (3 cos a—2 cos %)- 
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2 
127. mg(3cosa@—2); Ger arccos F = 48°. 


12.8. 3mg (14- cos œ). 
129. (1.- y 2) R <H « 2.5n; 45°, 60°. 
1240. Ry 2roKa , ж ToK,» , _ LW 


U, "а WU "Tk 
12.1. Hint. Use the results of Problems 10.4 and 2.18. 
2.12. Hint. Consider the change in the kinetic and potential ener- 
gies of the interacting bodies for any possible displacement 
(the principle of virtual displacements). 
pn. ge Promiera 12.12. 12.14. 0.83 tonne; 15.6 tonnes. 
415. m. 


13. The Law of Conservation of Energy 


iM 2.5 km/s. 13.2. 8996. 

13.3. 3.8 x 10% W; 4.2 x 109 kg/s; 1.5 x 10!? years = 4.7 X 109 s. 

3.4. A half of the initial kinetic energy is transformed into inter- 

nal energy. 

5. 0.248M,. 13.6. (1) 4.7 GeV, 7.2 GeV; (2) 12.1 GeV, 65.8 GeV. 

a ano TeV [/int. Use the results of the previous problem.] 

. 1 GeV. 

13.9 Hint. Compare the accelerating potentials needed to obtain 
the same internal energies of the bunch. 

13.10. 157 GeV; 886 MeV. 


14. Rotational Dynamies of a Rigid Body 


14.4. Hint. Draw the axis of rotation perpendicularly to the plane 
through an arbitrary point in the pane of the forces. Compute 
the moment of each force about this axis and find their sum. 


14.3, 13x10. Nem. 14.4. 4 KI. 145, Š MI. 


5 
14.6. 45 Re, Ulint. The cut is considered as a negative mass.] 


шк Hint, Divide the disk into thin concentric rings. 
4.9. 0.3 MR. Ulint. Divide the body into thin disks perpendicular 
to the axis of rotation.] 
Pig v= V 3gl (cosa— cosa). 14.13. 2.7 m/s; 3.4 m/s. 
^14. 2.8 m/s. 14.45. 2.5 10° N. 14.16. 3.5 s; 0.58 m/s. 
14.47. dis т„—т\ 


"түтө pI 14.18. с = arccos 0.59 — 54° 


—9*. 
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14.19. 
14.21. 


15.2. 


83 r.p.m. 14.20. 21.6 т.р.т.; 380 J. 
15 km; 10? s. 14.29. 3.6 x 10% J; 1.6 x 1099 J, 


15. Non-inertial Frames of Reference and Gravitation 


Hint. In a rotating frame of reference a centrifugal бза 0f 
inertia acts on a body at rest in this frame, the force pole 
equal to the product of the mass and the centripetal acc 


eration, taken with the Opposite sign: Tep = —то?г. 


15.6. 02 Ули? 15.7, ову 


a mo? 2k 
15.8. tan == 9m, max < 19m ' 
15.9. Hint. Introduc 


e 
К, а rotating frame of reference and use th 
result of Probl 


em 3.14. 
15.11. 7 r-D.m. 15.12, 330 ng. r 
15.13. Ше uM 2-1 X 10-5; the. white dwarf: 1.5 x 10-3; the pu 
: 16%, 
16. An Ideal Gas 
16.3. On the Moon 1 mm Hg = 22.4 Ра; on Venus 1 mm Hg = 
= a. 
16-4. 5.1 mm; 40%, 16,5, 5830 r.p.m.; 64 m/s; 9%. 
16.6. ed pen E: the velocity of thermal motion of the hydroge? 
"ith the escape velocity. 
ee 150 km [Hint. Use t e result of Problem 4.7.] " 
КВ. й blat jo ns d «9. ES 10? ра; 6 x 10° K; 1030 m^. 
eg em 16. 
16.11. 1.3 x 10- I m?: A E 
48. а ом 1 ТАН 6 10? mm He. 
16.15. 1.2 X 108 "Pa 16.46. 72.5% nitrog 5% oxygen: 
16.17. №, = (5.9 + 0.3) х 10% kmole о" (and, 27,5% Brownian 
particles behave like gigantic molecules, and the barometri 
istribution is valid for them.] 
то2г2 
16.18. n=nge 287, 
М,— M) o?r2 
16.19. n :ni— 176: 1; z=exp [== == 4.21. 
16.20. 20 times. [Hint, See $ 27.9]. 
16.21. Hint. Note that by definition e— lim (1 4-2)!/*, 
x0 $a 
16.22. Hint. Find the forces acting on a vertical gas column of 2 
finitesimal height and Integrate the equation obtained. mass 
16.23. Hint. Using the barometric distribution find the molar 


of the gas. 


18.4. 


18.11. 


18.13, 


18.17, 
18.18. 


18.19. 


194, 


19.3, p= 
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17. The First Law of Thermodynamics 


Ву 9 kJ; 6 kJ. 17.2. 1.52 kJ. 

Helium: з < 
3.10 X 10 < cy < 3.20 x 10° J/(kg-K); 5.17 X 10° < cp < 
< 5.28 x 10 J/(kg-K). 
Neon: з A 
6.14 X 102 < cy < 6.34 x 10° J/(kg-K); 1.03 X 10 < cp S 
< 1.05 x 10? J/(kg-K). m 
7.94 x 10? < MIT x 40? J/(kg-K); 1.02 x 10* < ср S 
< 1.06 x 10 J/kg-K). 

1. J; 4.83 kJ; 1.9 m. KY 
1.8 x 105 J; 4.8 x 108 J; 6.6 x 105 J; 1.71 kl/(kmole-K); 
Cray X Cm. < Chp: Р ja- 
Hint. Make use of the first law of thermodynamics be an naie 
batic process and eliminate the temperature with the a 

the Mendeleev-Clapeyron equation. 

(plpg*3 = (T/T)*; (V/Vg*3 = ToT. 

270) ү Pa, 95 (00 ро) it is more difficult to compress 
the gas adiabatically. 

3.2 X 10* Pa; 6.7 x 10% Pa. 17.15. Vi/V, = 21. 

1.4 X 10-99 kg.m*; 6 К. [Hint. See $ 27.9.] 

2.2 X 109 K [Hint. See $ 27.9.] 


Ср 


18. The Second Law of Thermodynamics 


1/4; 1/2; 1/0. 18.2. 1/3; 1/0. 18.3. 1/81; 1/105. 
14:6:4:1. 18.7. w= (V/V). 


Se 


e-| T 15. 1812. Qr = T (5, — Sj). 


ЕЛ 


RENUT Т» Ve ) 
S2—Si= Fy (Сту 1п-р®--Н1п 7). 
q21— 271 Р 
52%. The fact that the real efficiency is below the idea! is 
due to irreversible energy losses (friction, heat exchange with 
the environment, etc.). 

S = kin W- const. 


19. Fundamentals of Fluid Dynamics 


1.1 m. 19.2. 1.6 x 105 Pa — 1.58 atm. 


nD?d2 2ppygh —4.7 x 10-2 kg/s. 
"4 V pHa 
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19.4. Hing, Note th 
р 


v2 az T 
19.5. v= V IZK. 19.6. zri a 
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s of 
at in this case the work done by the force: 
ressure is equal to the change in the total mechanical energy 


P+ or pgh = const ) . 


Pag 


Y—1- 

“7. 4.7 x 403 /s. : К); 
t ing Бр TIT, = 189 (adiabatic compression for a pe 
рро = 4.67; TIT) = 1.56 (adiabatic compression for a q 

Static Process), 
19.9, 9 km. 
Eta 
га ET 1 є 
19.10. д8, jr svn VET RATAS 
vrp) (8 A 
Wint, Consider а cycle made up of three processes: shock Con- 
Pression, quasi-static adiabatic expansion and isochoric ао 
$ 30.9 Plume) Cooling of the Баз lo its original state 
19.14, 0.8 x ip m/s; 1.4 x 109 m/s. 19.12. 3300 Ki 73%. 
dig. Si 2.34 kg/m3. a 05 pa = 3, atm. 
19.14. 185 am kg/m?; 3.86 x 1 a 


14. 1. а С 124 mm Hg. 19.15. 6 m/s. 
1946. 228 X fos ba = 29 ern Hg 


20.1. 


20.3. 
20.5. 
20.6. 
20.7. 3700 


alm; 172 kW. 19.17. Yes; n0; no. 


20. Solids 


7.61010, 29,9, rans] А, m, 
3.3 mm; 2.4 tonnes, 20.4. p — 0.82 F,. 
3.8 x 100 Pa; 1o x fou ик, 
Due-to the Presence of defects į 


т.р.ш; 7508 20.8 n the Crystal lattice. 
.D.m; Т.р.т. 20.8, 9. 
20.10. 1.3 x дер p A 


20.12. 2.4 x 108 a 


1 a= 2 


atm. ic 
ion" 2041. 1.2 X 109 Pa; the shell suffers plas 
deformation. 


P "X 109 atm, 20.13. 1.0 x 10-3 K-L 
20.14. One atom. 20 15. F i 


4 id; 
ature range from 0°C to 100°C the law is ya ' 
the activation energy is Eo = 4.2 X 10-2 J= 2.6 

X 10-2 ey. 


21.3. Hint. Find the contact 


ises 
f th ае for the case when water ris 
*5. 12d of the capi ary. з я 
Lond 0.12 mJ in the form of heat will be liberated 
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0.11 m/s. 

Warm water runs more quickly. [/int. Compare flow rates 
at two different temperatures, for instance, at 20°C and 80°C.] 
A column of double the height. р ч f 
h = 2o/pgd. [Hint. Compare with the solution о 
Problem 20.9.] 


0.144 N. 21.10. R = R,RJ(R, — В); 120°. 


22. Vapours 


Yes, it may. [Hint. Check several points.] г 
Does not contravene. [Zint. Investigate the change in the 
density of the saturated vapour caused by the change in the 
temperature.] ГУА 
Less than 7.6 1. 22.4. More than 125 1. 22.5. 7.8 в/п; 51%. 
Tie precipitation will be 5.6 g of dew for every cubic meter 
of air. / 

3796. 22.8. Do not satisfy. 

304.4 K; 7.39 MPa; 464 kg/m?. 


23. Phase Transitions 


1.69 x 105 J/kg = 40 kcal/kg; 22.6 x 10° J/kg = 499 keal/kg. 
Hint. Find the dependence of the melting point of ice on pres 
sure from the phase diagram. M 

A mixture of 6.8 kg of water and 1.4 kg of ice is formed. 
Water at 54°C is produced. -— d 

A mixture of 1.2 kg of water and 0.3 kg of ice is produced. 
Water at 4.5?C is produced. 

11%. 23.8. 4.7 m/s. 23.9. 2.794. 23.10. 854 р. 


- (a) 216.5 K < T < 304.4 K; (b) the pressure is less than 


9.18 X 105 Pa; the temperature is below 216.5 К. 


24. A Field of Fixed Charges in a Vacuum 


23%. а z ane th 
A circle whose centre lies on the straight line connecting the 
сага. ae a distance 2a to the right of the positive charge. 
The radius of the circle is 4a. 

N-m= С.У = J. 24.4. 3.2 x 10-18 C. 


— — RN 
Ane V a3 at 


(a) F-0 M-- e. (у pL 20е. 


4negr? " Ang M=0. 
С=С. 
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1 1 . 
EET. TD 41. A 


e 
of opposite sign and make use of the results of § 37.5. 
24.15. Ent = 07/3е,. [Hint. Use the results of th 


; ôs R a 
Н-860 Belo 


2 2 
247, w= e o i = 
Sn. 5 @ Элет 1.4x 10 m, 
2448, p= 0? 


Dre Rr: 24.19, 10-8 c. 


Si 2 
24.20. m= p =3.6 x 19-2 kg. 


4.4 -5 2 " 
value of ¢ for mom to 5.3 x 40-5 оу 


4. C= ELS 
e ey. 


25.5. Cx £05 No-+(e~1) py 
5, CE UL. 


5.6. 20 cm. 25.7, h= = a 1 a? Буар 
4 2 (e21) H dI men РЕН? 


(£— 1) ep? 
25.8. er ON. 


25.9. 6.45 x 10-99 C.m, 25.10. 4.78 x 10-36 C-m. 


26, Direct Current 


4pz(l—a) | 
Ahle Hsc Meg: 


26.2. 26 mohm. 26.3. f-—2rsin 18*— 0 g2,, 26.4. r. 


WS ped LP Ё _ 
= RR 


26.6, 
26.7, 
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5r 


a 
Ry = Rh/l, = RY(L — 1), where L= AB, l= BD. 
In the middle of the slide wire. 


26.8. (a) 3.5 x 109 A/m; 6.2 x 10-2 V/m; (b) 1.3 x 409 Алах; 
2 2.2 X 10? V/m. 

56.9. 7.4 ohm; 0.74 mV. 

640. (а) € = ne, Ri = nr; (b) 8=е; В, = rin; (c) 8 = me, 
26 Ri = mrlk = m?r[n. е " 
26:11. L ohm. 26.2. Pig = €U(R-E т); Pet = ERIR + n). 

3. Hint. Find the extrema of the expressions obtained in 
Problem 20.12. 
26.14. 14.4 W; 51.6 W. 
56-15. 33.8 kohm; 0.3 Mohm; 3 Mohm; 0.181 ohm; 0.036 ohm. 
26-16. 31 bulbs. 
6.17. Hint. Use а four-position switch which can connect both 
28 windings either independently, or in parallel. 
18. 9.6 m. 26.19. 0.1 MJ. 
20:20. i = ig" where t= RC. 
"H4. (a) If @ < Po i= 0, Qs = Y, фи = 0. 
26.22, PLIE 8 > Po, i= (4 — PoR, Qs = Po R= € — Фо 
UA i= io Pr = iR, pp — € — iR. 
27. Magnetic Field in a Vacuum 
274 Hint. Consider whether or not the spring constant is in- 
variant. 
27.2. p 0.141% coy). [Hint. Use the law of transformation of the 
2 lateral force.] 
7.3. Hint. Consider the interaction of a charge moving parallel 
to the conductor with the charges in the conductor, making 
2 use of different reference frames. 

7.4. 3.1 x 10-5 T; 1.1 x 107 7.27.6. 6.8 X; 40-9 184% 0059 T, 
27.6. The field is almost homogeneous, within a relative error of 696. 
27.7. The radius of the ring 0.57 m. 27.8. 3.0 x 10-5 C. 

27.9. 2.5 x 10-2 A/m; 4.9 x 10-7 A-m*; 4.1 x 10-4 C/kg. 
пец, I ENE where r= V a?4-z?. 
28. Charges and Currents in a Magnetic Field 
284. 2.8 x 107 m/s; 16 MeV. 28.2. 0.856c — 2.57 x 108 m/s; 
99 MeV. 
28.3, 


(a) Nonrelativistic particle: R;/Rs— V К/К. 
Кү 28,-- Ky) 


(b) Relativistic particle: R,/Rg— Ke, AR). 
2 a 2. 
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4. 7 ms. s 

2r ‘A helix winding around the lines of induction. The radius of 
the circle is 23 mm, the pitch is 39 mm. 

28.6. Hint. Use the results of the previous problem. 

28.7. 51 mm. ] 

28.8. 1.38 X 104 V/m. [Hint. Use the result of Problem 4.14. 

28.9. 4; 42; 3.0 MHz. 28.10. 6.3 x 10-9 T; 87 kHz; 1.1 T; 0.2 MHz 

28.11. 105 m/s; no. 28.12. 2.3 mm. 

28.13. 4.02 amu (Het) and 3.01 amu (2He?, or ,H?). 

28.14. 1.2 X 105 Nem. 28.15. 22.55 10-19 "N.m/deg = 5.7 X 
X 10-9 N-m/rad. 


биер» ЖЕТТ 

28.16. F= —— zp- 2847. 2.9x 10-5 N. : 

28.18. Hint. Find the orientation of the velocity vector of the cir- 
culating charge with respect to the induction vector. 


28.19. Mint. Determine how the magnetic field acts on the circulating 


charge, if its orbital magnetic moment is directed against 
the field. 


28.20. Less than 2.5 MeV. 


29. Magnetic Materials 


29.1. 1.5 X-10-9 A.m?; against the field. 29.2. 4.5 940-9 A-m% 
along the field. 29.3. 9.0 x 10-9 A/m. 

29.4. (a) 1.196 greater; (b) 4.2% greater. 

29.5. 33 A/m; 130 A/m. 


29.6. Hint. Compare the energy of thermal motion with the energy 
of interaction of two 


Bohr magnetons, separated by the inter- 
atomic distance. 
29.7. Above 9.0 X 10-2 eV. (Hint. Estimate the energy of thermal 
motion at the Curie temperature.] 
29.8. ag EN ly m æ 0.01 mm. 29.9 pmax = 9.6 x 103 at H = 
= m. 


29.10. 100 A/m; 1.26 T; 10° A/m; 1.8 x 405 A/m. 


29.11. 

E, 50 75 100 

An 200 500 | 1000 | 1500 
Ww | оо m tto: | 8x10? | 4x102 | i) | Е 


30. Electromagnetic Induction 


30.1. 0.2 V; it will not. 30.2. Ap—£— ВІ Y gi). 
30.3. It will move downwards at a stationary velocity 
vstat — mgR/B?l?. 


30.4. Ap = Bol?/2. 30.5. 0.01 N. 
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80.6, | g | Элдийшаг®ь (а vt) 
2 [a2 -I- (z, — vty2]9/2 7 
30. + (r9 — vty?] 
93; AR HS Wb. 30.8. 2.5 T. 
3011. of dielectric is polarized. 30.10. 1.25 pC. 


3pii- 25 W. 30.12. 5.9 mH. 30.13. 29.5 V. 
М. 41 H; 0:82 J; 1.36 X 402 J/m*. 30.15. 3.1 X 107? J/m5; 1.8 X 


30.16. X, 1075 7. 
Mae 45 x 109 N; L5 x 102 N. 30.17. 1.5 Н. 
3019 i= Iy (1 — 67^), where Iy = 6/8, t= LR. 


19. t= ».37/n. 


31. Classieal Electron Theory 


911, 0 Pda 
© m= pp =1.8 х 109 C/kg. 
Mo, a. QR 5 di 


4 X 10-5 V; will not change. 31.3. 1.1 X 10? m=; 3.2 X 
344, 10-3 m*/V s). 
abi £07 x 10-8 mic. 
5. 6.2 x 409 m; 4.0 m2/(V-s). 31.6. 0.24 mm/s. 


“4. 4 X 40-14 g: R о 9 
3 s; 400 А. 31.8. 131°C. 31.9. 65 C. 
ва 3.6 x 10? m/s. 31.11. 38 kW/m? 31.12. 90 MJ. 
413. 4 Å. 3144. 44 X 10° W/(m-K); 68 W/(m-K). [int. Use the 
Wiedemann-Franz law.] 


32. Electrical Conductivity of Electrolytes 


32.1. 78% 

М. 7896. 32.2. 65 um. 32.3. 200 mg. 32.4. 5 g- 

32.5. 1.52 V. 32.6. 6.25 X 10-1 kg; 9.1 x 10-3 J. 
7. Over 10? kW.h; more than 40 roubles. 


33. Electrie Current in a Vacuum and in Gases 


Jd. 460 mA. 88.2. Increases 21 times. 
m P m fficient. 
33.4. A coated cathode is 3.3 times more e Өн un. 
38.5. Hs 20. 18:6: 1.15 x 104 m3; 4.3 X s 14 
8.7. 550,0: Consider separat that take р 
9а ти ur phenomeyuration current and 
<5- yhen the current is much less than the за! 
33.9. Ys UD mesh, pue mm; 0.45 mm. 
9. 2.9 ур. [Hint. Find the Stewart number. vicc 
33.18: It М not. 33.14. 2.2 х 10* T. 33.15. 4 X 
419. с 409% Pa. 
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34. Harmonic Vibrations 
34.1. 20 cm; 48 Hz; 2.44 x 10-2 s; 2 rad — 114°39’. 


3 5x. 
353. pei 6x cos (202-57. ; a ЗЭл адв (Фолг-- 5.) ; 
F — 6.472 cos (2024-52) ; 5.0 m/s; 3.2 10° m/s%; 64 М. 


ön 
34.3. K — 2.5 cos? (20.4. 32.) } U=2.5 cos? ( 200+ 52.) ; 


W=25 J. 
3. " 
34.4. 20 Hz; 50 ms, 34.5, з= 0.004 соз (at ) — 0.064 sin at. 


34.6. з= 0.05 cos (126£-1-0.53); 1.6 m. 34.7. 30 m/s. 


34.8. B за y5 0.844; @ arctan + 0.464 rad = 26.6°. 
.8. 8 


2 
; 0.4 ms. Я " 
hen MES E "the product of the sinusoidal functions as а sum 


35. Free Vibrations 


35.1. = V k/m — ү g/l. [Hint. The Spring constant is = P/z— 
= 1. 

sand Hz; 2.1 х 102; 21 s, 

35.3. 11 swings, i.e. almost 3 complete oscillations. [/Jint. Do the 


caleulations using the law of conservation of energy in the 
presence of externa] friction.] 
ee 


35.8. oj" — V 2pVImd?, 35.5. 999 = V 3ypV]mdi = oi59* y 3- 


35.6. 1.6 Hz; 0.63 s. 35.7. v= TU 1.7 Hz; 0.6 s. 
358. By 4 8. 95.9. 1.42 в; 26°36". 35,10, 208 в, 35.41. e= 1%, 


B542 2 TERV 18р. D= 21/8, ism 15.5. 
35.14. 2.0 MHz; 5.0X 10-7 в; 800. 


36. Forced Vibrations, Alternating Current 
36.1. 2.7 mm; 60 mm; 0.7 mm, 36.3. 80 cm. 


2QT, x 
36.4. tep= e 9 —2x 10?7,—2 ms; not greater than м= 697 
— 125 pulses/s. 
36.5. Hint. Write the voltage in the form "cU. Cos ot. the cur- 
. Hi M > 
rent in the form i= у, соз (924 Ф) and use the data of 
8 54.2 to find the voltage drop across the i 
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36.6, 
"6. Hint. Wri 
Write the voltage and the current in the same form 


as in Proble 
at the cherse Sh Note that the current is tho time derivative 


36.7 ее 
Л. Z= 
" V REX LEGE p= —arctan (Lo/R)- 
8. zy ma 1 ч з E 
Ga Q-—arctan-gog ` 


369, А 
V TERI ; p=arctan RCO. 


36.10, ez —S 
=нү oe E ay. 


36.44 
M. The c ; 
urrent in the unbranched section of the circuit is 


-RCo L (LCw?— 1) т) 
r-u апа y А dy 
R?-- L?o? R 1 + Q*y? 

It i ini 

is minimum at resonance (7 1) " 
0 
cos p= —— R 
y (R2 4- 130°) [JG C893 + (Co? — *] 
1 


соз Pres = ЕЕ 
res = To y А 2208 


3 
3017 p^ 36.13. 80 Hz; 24 W. 
су” Consider the operating principles 
acti nd the parameters which determine the average tor! 
36.15 98540 on the moving part f the instrument. 
3647. I 0’; 10.5 ohm; 9.3 ohm. 36.16. It will glow- 
36.19. t cannot. 36.18. 230 kV. 
36.21: 33 turns; 73 mm?; 6 X 40-3 ohm; 260 W; 9796. 
21. Hint. Use the fact that the ohmic resistance of the solid ccpper 
ring is much less than its inductive reactance. 


36.22, cos p = 0-8; Ф 
37. Elastic Waves 


of the instrument, 
que 


37.7, 3.5 dB 37 
1n2. 23108 2 0-693 
37.9. p= a L 
Е 10-2 dB 
87.10. 2, 2 = АЗ ga | 4.2 56 Hz 
3741. 1.9 m/s. 37.12: 59 nn Bid c 48 6409 ul Ve me 
а 


37.13. 302 Hz; 4.4 m; 
i dum dana ud м 


21-0465 
| 
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37.15. 


From 17 m to 17 mm; from 70 m to 70 mm. 


37.16. 28%. 37.17. 12%. 


37.18. 


Hini. Estimate the value of the reflection coefficient at i 
boundary between the supersonic transducer surface and the а 


37.19. About 60 mm. 


38.1. 
38.2. 
38.4. 
38.6. 


39.1. 


39.3. 
39.5. 


39.8. 
39.9. 


39.10. 


38. Interference and Diffraction 


Hint. Consider the sign of the amplitude of the reflected wav 
0.41 MHz; will not change. 38.3. 9.7 cm. 

The third; 0.5 kHz. 38.5. 18.6°C or 15.4°C. 

330 + 3 m/s; є = 0.8%. 38.7. 12°. 38.8. 6 cm. 


39. Electromagnetic Waves 

c c 

5 m; 3.4 Э. V=; V=(2n-+1) — 
5 m; 3.4 m. 39.2. vy 57: (2n-i- 1) 3x 


5.1 m. 39.4. e = 4.7 (kerosene); 8.3 x 10-7 Pa: 145 7. Я 
25 W; 197 ohm. 39.6. 97 W. 39.7. R œ 0.1 ohm; L z 8 pHi 
C ғ 22 upF. 

llini. Apply expression (59.22) from $ 59.8. 

Hint. Note that the electromagnetic field is not a reference 
frame. Hence in electrodynamics the motion of the source an 

the motion of the observer are equivalent and the change iP 
the frequency is the same in each case. 


(Aviv) pop = 5 x 10-5; (Лу/у) ау = 20 X 1075. 


39.11. 42 nm. 39.12. 2.19 x 109 s = 25.3 days. 


39.13. 


39.14 
39.15 


40.1. 
40.2. 


40.3. 
40.5. 


When the source moves away from the observer, 


where B=v/c, 


- (1) B = 0.0334, v= 107 ; = ; 
(3 В 0.67, o — PE D = 0.362, v = 4.4 x 108 m/s; 


. 18 km/s. 39:16. 4.6 x 109 kg; 2.7 x 4910 m. 


40. Interference and Diffraction of Light 


0.9 mm; эт mm 

There are three maxima. th. à | 

first-order maxima; 0.56 mm, ^ ^ "de maximum and two 
6.0 x 10? nm. 40.4, 2.73 x 10-2 и. 

1.00014. 40.6. 0.61 иш. 
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fai i e 
40.8. 3°35’; 7°11'. [Hint. Use the condition for the minima n th 


4o.g, 8850 of diffraction on a single slit.] 

4017 15°; there are altogether seven maxima. -8mm 

40-10. 534 nm. 40.11. 18^; 1.6 x 10+. 40,12, 20 mms ain 
13. We shall be able to see them; 25% . f two adjacent 
14. Hint. Consider the condition for the maximum 0 ngles. 

4 rays, expressing it in terms of the glancing ang 

0.15, 24 А. 
46. 2.85 А. int. Apply the Bragg condition.] 


41. Dispersion and Absorption of Light 


49^19'; 50°10. 41.2. 3.5 MeV. 


Мз. e e 
З. e= l: Wint. One should appl 


for gases, noting that the natural frequency 
a free electron is zero.] 


^14, 
y the dispersion law 
of oscillations of 


AA, Huc 6 
n4-o a hich 
oO rW 1С. 
41.5, Hint. Consider separately the parts of the apu a 


n21 and n « 1. 


41.6 e?n 
SS. п=1— Spi u= с/т; U= сп. 


emea? ' he group 
4 ы i 3 
11.7. The signal travels not at the phase be iy ч 
u velocity, which is below the limiting Ve n» 

*8. It cannot. 41.9. 2.4 x 1019 m^. 
4140. n—4— enh? T 

ш Begom? 1—24x 10. 
A141, = Е. 8 o y 
ает g 10° юн. 

4142. 0.345; 0.361; Ryro/Rrea = 1.05. 41-13 adi 


4144. Hint. Use th 1 41.9. 
41.15. U — 1.9 x 408 m/s; pis ЖЛ; mis. 
4116. 35 м2; 2.0 em. ^ vm 
MAT k=, 10€ — штат) 

Io rà (nF ip ` 


41.18, 98%; 10 А. 41.19. 6 layers. 41.20. 1.6 CT 


42. Polarization of Light 


42.1. It will be reduced to one fifth of its initial value. 


4 
42:9, 7 = PED sin? о cos? о; 45°. 
42.8. There will be no interference pattern- 
21+ 
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42.4. 


42.5. dquarte/dcatcite = 19. 42.6. 2.1 X 10? kg/m3, 
42.1. (met) M l9 mm; (2m-k 1) x 2.755 mm. 


(2ni -- 1) x 0.856 um; (2m -- 1) X 0.78x rad = (2m 4- 1) X 
X 140°. 


43. Geometrical Optics 


43.1. 2.6 mm. 43.2. 41°. 43.4. 4.8 m. 43.5. 18.7°; 7.49, 
43.6. 2.2 diopters; —1.0 diopter. 
43.7. In the posterior focus of the right-hand lens. 


49.8. Hint. Bring the lenses in Fig. 43.7 together until they are 
in contact. 


43.9. Hint. Use the result of the previous problem. 
43.10. —3.8 diopters; —1.1 diopters. 43.11. Ф = (n — 1)/R. 
43.12. 2.4 cm. 43.13. z= 12; Es МН = 1/2. 43.44. 81?40', 
43.15. a= f? (for z « a — jf). 

43.16. An elongated ellipsoid of rotation. 

43.17. 2.4 cm; 6%, 43.18. 13.3 di 

49.19. Hint. See $ 65.5, Fi 


43.21. A convex lens. 43.22. A 
43.23. Hint. See Problem 10.4. 43.24. No. 


44. Optical Instruments 
444. 1.76 W; 8.8 W; 2.9 W. 44.2. 44 V/m; 3.7 x 10-8 By 
Ew D 2I 0 21 
4 wa D n г *- .387 = 
44.3. SEP =a 44-4. Ecdgo — ye Т "centre T. 
E=5/4E,. 44.6, 10 1x; 2.8 1x, 


447. 501%; 251х, дав, p, В ра 


4 qm 
44.9. It will decrease to 1/3.2. 
44.10. —7 diopter glasses. 
4441. 57" a; 1° (see $ 66.4), 44.12. 370. 
i 0.6 um. 44,44, 24 diopters; 8.3 mm; 1.2”; 830 km. 44. 
ob 


BE 
44.16. 35 m; 5.2 km. 44.47. Ansar = 


44.18. Not greater than 6 ms. 44/19, sE 
44.20. 14.5 cm. 


44.5. 


15. y— 


45. Photons 


45.1. 5.8 x 409 K. 45.2. 6.16 x 108 K, 455. 290 nm. 
45.4. 


4.9 X 1039. W/m?; 5.4 х 10-4 W. 45.5. 540 nm; 295 nm; 
275 nm. 


45.6. 41 keV; 1.4 X 109 m/s. 45.7. 0.2 V. 
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45.8. 4.3 eV. 45.9. 1.8 eV. 45.10. 4.4 Ys 7.8 X 10% kgi 2.3 X 
X 10-7 kg-m/s. 45.11. 2.5 X 103 A. 

45.19. e y1—R . y 1-8? 
$-68»4—Bcosg ^ Р Ро {fos 8 ` 

45.13. p = 2w cos a, where w is the volumetric density of the energy 


of luminous flux. 


45.44. 14 J. 45.15. 0.3 pm. 


45.16. Ag = 


26? sin? (0/2) . 401 
8,1-9 sin? (9/2 ^" 


4547, gpp = CoO) | 0.37 Mev. 


sin & sin (0/2) 


45.18. 83 keV; 0.15 A. 
45.19. Hint. Apply the laws of conservation of energy and the mo- 


45.20. Hint. Use the inertial reference frame in which the el 


45.21, 


mentum in relativistic form. 
ectron 


is at rest. 
Hint. See § 68.7. 45.22. It will change. 


45.24. 370 MeV. 


46. Elementary Quantum 


Mechanics 
ах Pie аА 
VEGE FE) < 460 
40:9. Ж = (28 PEN 28 
V eg (28-1 eq) eq) 5 ^nonrel V meg s 
46.3. зА. 
46.4, Hint. Compare the de Broglie wavelengths of the electron and 
i for equal accelerating potential. 
46.5. re pes 46.6. 1.1 x 10-19 J = 0.68 eV; 1.1 x 10* m/s; 5.4 X 
x 40» К. 46.7. 1.5 А. А 
46.8. (1) Ui = v = 5,9 X 10° m/s = 0.019; ш = Cv = 91e = 
E 1010 m/s. 
(2) v. x va = 0.549c = 1.6 X 108 m/s; ug = elva = 1.83с = 
= 5.5 x 10% m/s. 
48.9. Fo klamt = 1.2 X 1077 Н. 
46:20. 38 eV; 1.5 X 10° eV; 3.4 x 10° eV. 
46.11. 0.26 eV. They can. 
46.12. r= Aneoh*le?me. 
46.13, w = е1" = 0.2 = 20%. 
46.14, a=V SmAi/eEh; w-e. 


yQqc23p uw е 


-2 = 043 = 13%. 
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47. Atomie and Molecular Structure 
47.4. 3.4 X 10-13 m, 


Сы v. 1 
47.2. v=v,/n, where v=- 


кезй... 1 
алеу с = 437- 


47.3, вел 13.6 cV —10.2 ev. 


41.4. n—3; 1025 Å; 6560 А; 1215 Å. 
41.5. 42 m/s; 9.1 40-8 eV. 
zr. o == 1 ЕЕ 
45. п 0.986 А, еа (1. uz) 
1 : 9 
№ 3R 304.0 À; M= gp = 1640 А. 


47.1. (a) 1.4 x 1023 m=; 3.5 mmHg; 1.9 x 40-4 kg/m?. 
(b) 4.6 х 1020 m-3: 4.4 x 40-2 mmHg; 7.7 10-7 kg/m?, 
41.8. $— Z'hcR —9» 13.6— 122.4 eV. 


47.9. Hydrogen; v= 0.0436: — 1.3% 10! km/s. 
4140. an = п? me, š mp my 3 2043 nag 


трт 779 183653:207 7-186 


байр he T 


i ; 
me X 186= —— X 2.53 kev. 
1 1 1 
47.41, Lag 
Tat, 2 1867 ( 


ql. —m 
m а): VC CEXASSR N 


LS 


ИД a эз Фа ч LIES om chin pt elm B 

47.13. 10.2 V? Ci = —heR/2 = —13.6/2 = 6.8 е 

47.15. (a) Boron: 1, 0, 0, 4/2; 1, 0, 0, —1/2; 2, 0, 0, 1/2; 2, 0, 0, 
—1/2 2, 1, 0, 1/2. 
(b) Sodium: 1, 0, 0, 1/2; 1, 0, 0, —1/2; 2, 0, 0, 1/2; 2, 0, 0, 
—1/2; 2, 1, 0, 1/2; 2, 1, 0, —1/2; 2, a, d. 1195 25 B da 
—1/2; 2, 1, —1, 1/2; 2, 4, —1, —1/2;'3,'0,'0, 1/2. 

47.16. Hint. Find the number of electrons on the upper partially 
filled energy level. 

47.17. Fay = 3M AmIS, 47.48. Fay = 3h?/2mL3, 


47.19. 0.31 А. 47.20. Z = 41—niobium. 47.21. Above 5 kV. 
47.22. 8.3 kV. 47.23. 3.2 x 1013 rad/s. 47.24, 41 pm. 
47,95, 0.95 А. 47.26. There is no contradiction. [Hint. See Problems 
ay 10 and 46.11] 

2ирИе T 
#728, уут 

(Ten 47.30. 3.2 x 1013 Hz. 47.31. It Бый. 
47.20. 96 cm. Е. . 
12.38. 2U = 1.2. 
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48. Quantum Properties of Metals and of Semiconductors 


48.1. Aluminium: 12.8 eV; 1.9 x 10-9 kg-m/s; 
sodium: 3.1 eV: "9.5 x 10-29 kg-m/s; copper: 8.6 eV; 1.6 X 
4 x 10-24 kg -m/s. [Hint. See $ 44.2.] 

482. 9.9 x 408K; 2.4 x 101 К; 6.6 x 10° К. " 
4&3. P = Disno Br = 1.1 x 400 Pa. 48.4. РЗ = const; y = 5/8. 
12 
20те (те /2)°/3 
48.6. 0.206. 48.7. CE! — 12.5 J/(kmole-K); CS /СШ —5 x 10%. 

48.8. 1—3 х 102 А; A/d z 150. 


4 
18,5, A= ж 3.2 109 Pa -m5-kg$/9. 


S Я 5 
48.9, i-NTM. 5 , where n is the concentration of electrons; 
me А 
N—1,2, 3, ...; D= Li, where L is the inductance of the ring. 


48.10.  — Ве-\ IT = 5 

-~p= Be . 48.11. vol yi = 6.0 X 107. 

4842, LZ 2.4 x 10i m Hy 9.4 x 102 3/0. 

48.13. 5.8 x 10° ohm-!.m-h; 3.0 x 10° ohm--m-. . 

48.14. 0.55 V; 8.6 V. [Hint. For the expression for the internal con- 
tact potential difference see $ 18.4.] 


49. Nuclear Structure 


49.1. Helium ,He?—two protons, one neutron; tritium 1I?—one 
proton, two neutrons. 

49.2. 20% of the light isotope and 80% of the heavy one. 

19.3. Deuterium: R = 4.8 X 107 m; Uo = 0.8 MeV. 
Polonium: R = 8.3 x 1075 m; Uo = 14.6 MeV. 

49.4. 2.23 MeV; 1.12 MeV per nucleon. 

49.5. 9.84 MeV/nucleon; 2.56 MeV/nucleon. - А 

49.6. Five alpha-disintegrations and four beta-disintegrations. 

49.7, Ka = 4.45 MeV; Kp, = 1.05 MeV. 

49.8. It cannot. 49.9. It cannot. | 

49.10. It can; an electron and an antineutrino; 1.48 MeV. 

49.11. 4.96 MeV. 

49.12. w = e™ = 2.8 X 10-10. 

49.13. Will decrease to 1/1.3 of its value. 

49.14. 3.7 days. 

49:15. 1.4 X 1011 s= 4 X 109 years. 

3.16. 8800 years. 

49117. 0.82 MeV, 49.18. був = 61/200 = 1.4 

tote, TATE = 3:2 X 107 

j 49. v = €, /Mc = 81 m/s. 

19.20, N = уе 49.21. 0.2 MeV. 


ж 107; nat = 
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50. Nuclear Reactions 


50.1. 3 x 10° kg = 30 000 tonnes. 

50.2. 22.4 MeV; 2.8 MeV per nucleon. 

50.3. They can. 

50.4. It сога з the law of conservation of momentum; 67.5 MeV. 
50.5. 8 = ^/v£ = 6 x 10-8, 50.6. Ey > 1.02 MeV. 

50.8. КЕЕ оза Mev Ey = 29.9 Mev; EJK, = 7.3. 

T Ке = 028 Mev; $, = 0.61 MeV. 5 
50.10. = 56 MeV; '£. — 95 MeV. 50.11. 12.1 MeV; 158.4*. 
50.12. р ар. — ont 0; 0.24 MeV. 


TABLES 


1. Astronomical Data 
ae 


Equatorial Averages Period 
half- diameter, Mass, kg distance Пот ‘of Per Tation 
106 m 109 m ' about the Sun 


t Sun 700 1.98» 1029 = — 
ka: 6.2 4.9x 1024 108.11 227.70 days 
м Earth 6.4 | 5.98x10% | 149.46 365.26 days 
ars 3.4 6.53 1022 227.7 686.98 days 
The Moon 1.7 7.4x 1022 — Р = 
2. Mechanical Properties of Solids 
Remis- Breaking 
"m sible stress for З 
Material NES modulus stress n m Doors 
K. 1010 Pa| E, 1010 Ра] per: 
107 Pa io? "pa 

Steel, soft 
Steal ШШЕ we 17 20 14 4-6 1.8 
„nickel 17 Я 

is 22 30 10-15 7:8 
BE 10.4 8.0 3-8 | 0.9-1.5| 10.5 
г 7.6 7.0 3-8 |0.9-1.5] 2.7 
Nick 14 13 3-12 |1.2-4.0| 8.9 
Lead 16 20 8:9 
Ice (—2 °C 44 1.7 0.2 11.3 

) 0.28 0:92 
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3. Thermal Properties of Solids 


Р Linear icient 
Specific heat Specific Melting expansion СӨЕП 
Material К te rion, pon E conduc ivity 
ea Toa Bodl hice 
Steel 0.45 8:7 1440 10-11 50-70 
Silver 0.23 0.88 980.6 | 20.5 4.2x10? 
Aluminium 0.84 4.0 660 27 2.3» 10? 
Copper 0.38 2.4 1080 20 3.8x 10? 
Nickel 0.46 3.0 1453 18 0.9» 10? 
Lead 0.126 0.25 327 30 35 
Ice (—29C) 24 3.4 0.00 Es 2.2 


4. Properties of Liquids 
? [€ le |a $ 
e еј је |3 lz |4 
s a [= [5 |39|8 ПЕ _ 
= EN p = De S TS td 
= m E © SIS a0 . 
p S I о 2" © tp 
А č z o So [s as X 
sz л E ES | с |85 x 
Material E] s e |5 |5=| <2 "SIS 
= а | 15 јас јоз {25 | 2 
$ =g S lsc] af 35 |o 
ч sE 551 2 
SEREEN EE 
EN 2 - TIS "ls es 
E 2 | 3 |55 |55158 “о @ 
с1а [28 |85188 RSE] 4 
Oil 0.8 1-10| — “= E NN as -— 
Water 0.9999 | 1.09 72.8] 9 , 0.61100 |2.58| 4.18 
Water (819C) 0.9748 | 0.36 62.8] _ 9e e 
Mercury 13.595 | 1.55475 0 1.8 i0  356.6/0.25 | 0.14 
Castor oil 0.95 086 T “= == e qo pee 
11,804, 319 1.02 2.44) — — 
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s Tables 
5. Properties of Gases 
Effective Viscosity Heat con- Specific heat Density 
Material section аат Suevi Моде "eig oon _ fp M 
Ж а] A ү; а 3 о = 
а | Seer attendent Чүш | v | Aono) 
d. Lm 
Heli 
oe 3.1 18.6 14.15 0.523 [1.630 0.1785 
inc 7.0 9. 4.65 1.05 — |1.642| 0.8999 
ogen 10.8 16.6 2.43 1.04 4.401] 1.2505 
H 2 
ee 5.7 8.4 16.84 14.3 1.407 | 0.0899 
Hydro * = 
00) gen 3.5 — — = 1.667 = 
кш (0)| 9.6 19.2 2.44 0.913 1.400| 1.4289 
^s 10 17.1 2.4 1.01 1.40 | 1.293 
eam 
(100 °с) 6.0 12.8 2.6 
; j Ч 1.951 |1.334| 0.598 
Carbon dio- 
Tt (CO,)| 16.2 43.8 1.38 0.91 1.300| 1.9769 
a 100 °C 18.6 o.co [1.30 
сов 300 °С 26.7 0.85 [1.22 
О, 500°C 0.83 [1.20 


—— 


” * Computed with the 
adius, 


aid of the formula o = 4zag, where ao = 0.5 


6. Electrical Properties of Materials (20 °C) 


Material 


Dielectric constant 
Е 


Paraffin paper 
Mica 

Glass 
Transformer oil 
Ethyl alcohol 


40-60 
80-200 
20-30 


Breakdown field 
strength Ew: MV/m 


À is the Bohr 


| 
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Tables 
7. Velocity of Sound (Longitudinal Waves) 

Material | u, km/s | Material u, km/s 
Quartz, (X-cut) 5.72 Water (17°С) 1.407 
Nickel (in a mag- Sea water 1.446 

netic field of Castor oil 1.50 
0.38 T induction) 4.86 
a re | 
8. Refractive Indexes 
К Маус | ро. | Motten! Rock Syt- | wa Glass 
Light jength | ite quant Sari Ker [eo °С) crown | flint 
as 011.4275] _ ы 68 
Етрен рее 
Red | 656-3 |1-4325 1:4564 175407 |1 4500 | | rt 
643.8 1.4227 1174568 [1 1544 1.4877 11.3314 [1,5140 | 1.0452 
Orange 589.3 11.4339 1.4555 |19142 1.4604 |1 -3330 |1 5170 | 1,6499 
Yellow 546.1 1.4350 1.4602 |15225 114931 [1.3345 | 2. gt 
Blase i 1:902 4.4619 |1 5509 11:490: |1:3360|. Z ul 
Dark blue 480.0 14301 s qon we id Ea M" 
Violet 404.7 14415 11.4697 [175665 |t “5007 | “arog 1.5318 | 1.0852 
. “411.4534 1.4869 1.6085 |1 5440 |1.3581]1.5552| — 
Ultraviolet | 214.4 1.4846 4.5336 "t лн она), = 
185.2 [1.5099 175743 1.7222 о T eh че 
Mass Mass 
Hydrogen Н! 1.00783 | Carbon „Сло 68 
Deuterium 4H? 2:01410 ' С? bus 
Tritium ,H3 3.01605 вС!з 13.00335 
Helium „Нез 3.01603 Ner 14.00324 
Het 4.00260 Aluminium 13A 120 29.99817 
Lithium Li* 8.01513 || Silicon | siat 30.97535 
gli? 1.01601 Phosphorus 15P31 30.97316 
Berillium „Ве? 7.01693 | Lead „рро 205.97446 
Ве? 9.01219 Polonium g,Po?10 209.98297 


Tables 
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10. Fundamental Physical Constants 


Constant 


Notation 


Value* 


1. Magnetic constant 

+ Electric constant 

3. Velocity of light ina 
vacuum 

4. Elementary charge 
5. Planck’s constant 


6. Avogadro number 
* Atomic mass unit 
‚ Rest mass of: 
electron 


muon 
proton 
neutron 


9. Specific 
electron 
0. Faraday number 

11. Bydberg's constant 

12. Bohr radius 

13. Compton wavelength 
of electron 

14. Bohr magneton 

5. Magnetic moment: 
electron 
proton 

16. Gas constant 

17. Volume of 1 kilo- 
mole of an ideal gas 

18. Boltzmann constant 

19. Stephan constant 


charge of 


- Gravitational con- 
Stant 

21. Energy — equivalent 
of 1 amu 

un e" 


Ho 
£o = 1/poc? 


mn 


elme 
F-—eNA 
Roo 
а 


Ас = {тес 
ив — eh/2me 


He 
Hp 
R 


4040-7 Gem". i 
8.85418782x 1071? F-m 


299 792458 m.s^! 
4.6021892 х 10-19 C 
6.626176x 10-84 J.s 
1.0545887X10-9* 75 _. 
6.0220943 102° kmole 
1.6605655 x 10-*? kg 


9.109534 x 10-3! kg 
5.4858026x 10-4 amu 
1.883506 x 10-?5 kg 
0.11342920 amu 
1.6726485 10-2? kg 
1.007276470 amu 
14.6749543 10-2? kg 
1.008665012 amu 


1.7588047 C-kg-! 
9.648456x107 C-kmole^? 
1.097373143х 107 m=? 
0.52917706х 10-10 m 


2.4263089 x 1071? m 
9.274078 10-24 J- T^t 


9.284832: 10-24 Ј.Т-1 
114106171 3410-29]. T71 
8.31441 x 109. J/(kmole-K) 
22.41383 m3-kmole-! 
4.380662 10-23 J.K-t 
5.67032 10-8 W/(m?-K4) 
6.6720x 10-11. N-m2/kg? 


931.5016 MeV 


* The above constants are from the paper “Recommended approved va]. 


ues 0 


f fundamental physical constants — 1973" (the periodical “Uspekhi 


Piicheskihh nauk”, v. 115, No. 4, April 1975, pp. 623-633). 
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